
] . COIRJ['lEX 1I.l§IElR§ GlK01UflP j " �-----'---- .. ---------------",- ----- I 
l ·i 

J] I] 
I
l 

;� 

(I] 
[I 

S.P. L. 

i USER GUICE -1 

1\ 

11 
i-I 
I) 
, j 
!J 
iJ 
j 

1_1 
\ \ " 

,-_ ... _---- -J ,-- -- - _ 

. __ . - - - -_.'- ----- --" - . __ . 

• ----- .---- -.- -----------.---- .---------�.------------ ________________ • ___ • __ -------C ____ ,� __ ._'__ __ � __ • ,, __ _ 



- j 
� 

�1 
:1 
II 
:-1 
Il 
U 

I U 
11 
U 

)] 
fJ 
iJ 

SPL 1.30 Use r ' s  Manual 

by Mike Riddle 

May, 1981 



I 

II 
:1 
r \ 

( J 

[j 
,� 
U 

SPL 1.3 0  User's Manual 

( C )  Copyright 1981 Evolution Computing 

All  Rights  Reserved 

This publ i ca tion,  or any parts thereof, may no t be rep roduced i n  any 
form , el ectronic or ma nual, for any purpo se withou t the wri t ten 
conse nt of E volutio n  Computing. 
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Computing makes no  warranty,  expres sed or implied , inc luding 
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these ma terials .  The sole and exclusive l i abil i ty of 
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described herein . 

Informatio n  concerning this produc t ,  bug repor ts , and gen e r al comments 
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E volu tion Computi ng 
1 718 E .  Cam pbel l 133 
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1 .  INTRODUCTION to SPL 

SPL is an acro nym for Sy stems P rograming Language . I t  has been 
designe d  to make the job of writing sy stems p rograms such as 
interpr e ters, d i agnostics, compilers, and syst ems utilities, easier. 
It is in the process of developme nt, and the pr esent implementation is 
not the oomplete language .  However, it does represent a powerful,  and 
often Simple solutio n  for many type s  of programs . 

The fundamental ide a  behind SPL is t o  have a l anguage rich in powerful 
constru cts . Host "high level" languages requi re that the user wri t e  
much o f  the code t o  perform ce rtain simple operatio ns, ra ther than 
just descri be what operati o ns are desi red . The basic co nstructs are 
not powerful enough . For example , in most languages ,  one ne eds t o  
write many loops to sc an and process data . SPL i n  its full 
implementation should all bu t elimina te the ne ed for the use r to w r i t e  
loops directly - the language will create them a s  necessa ry from th e 
sta tement of the problem and optimize them at the same ti me . 

Several facilities are needed by systems programs th at are not oft en 
ne eded in  simple appli cati o ns programs . Chief amoung these is an e asy 
interface t o  assembly cod e . In SPL , you may use inli ne assembly 
language sta tements using the same identifiers as used by SPL . 

Another ne eded fe ature of SPL is the ease of using i nd irect 
addressing, or pointer va riables . The addresses of data may be 
calculated in an expressio n and the result used to ge t the data 
actually desi red . Thi s allows h igh level implementa tio n  of complex 
d ata structu r es. 

Dynamic memory alloc a ti o n  is provided to be used with pointer 
variables and stru ctures to allow ef ficie nt use of memory . 

Subroutines may be coded in  SPL or assembly language, and may be 
nested and recursive , if desi red . They may respond to a varyi ng number 
of c alling parameters , determined each ti me the subroutine is 
exec uted . Also, subroutines may have multi ple entry points with a 
varying number of parame ter s used by e ach. 

Programmer written loops a re supported wi th the DO statement and th e 
PROCEDURE statement. Pro ced ures may be executed in-line , as well as 
called remotely with the DO statement. The procedur e th at is the 
target of the DO sta tement may be spec i fied by a poin ter variable, 
allowing the use of assigned procedures, and seper ati o n  of procedur es 
for accessing data and performing operatio ns on i t .  

- 1-
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Formatted I nput / Output i s  simplified by hav ing the form a t  
specif icatio ns in  t h e  I/O data list, and by having the default 
specification be "free-form" .  Also, You may GET FROM and PU T TO string 
vari ables, and the I/O lists may oontai n IF -THEN-ELSE clau ses for 
seleotive and adaptive form ati ng. 

Direot I/O i s  s up�rted in multi ples of 128 by tes . You may se ek and 
mix r eading and writing to any fil e .  Direct I/O may be used with 
poin ter vari ables and structures to speed up I/O ac cess, as data does 
not need t o  be transfered from the I/O buffe r ,  but can be worked o n 
directly. 

Expres sio ns allow complete mixed-mode ari thmetic, and provide a large 
number of pre-defined functi ons. 

The o ne "restr iction" of the language is th at all variables must b e  
declared as t o  type . No defaults are provided . Since SPL provides such 
freedom of use of data, it becomes necessary to have the compiler 
check usage. Because of th is "restriction" , many SPL programs wi ll 
work the f irst time they compile correctly . 

Thi s  manual describes the release versio n th at is designed t o  operate 
under Marinchip System's MOEX operating system� It should work , wi th 
less efficiency during file I/O, under their Network Operating System. 
A stand-alone kernel is being developed for use with ROM-based 
products, so that an appli catio n may be coded in SPL, and the 
resultant code executed from a small ROM sy stem. Disk file I/O will 
not be supported i n  the ROM kernel. Instead, XOP calling sequences 
will be defined for y ou to code your own file I/O drivers . 

-2 -
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2 .  Using SPL 

An SPL program is first prepared in a text file u sing the text editor.  
This file should be g iv en the program name . SPL . Next This file is 
compiled by the SPL compiler, providing the output i n  r elocatable 
format in a file wi th a name endi ng in ". REI.". Then all ne cessary REL 
files are oombined by the link editor using the command SPLINK. 

You should create three files for each program you writ e  in SPL. If 
you call you r progr am  TEST, for example, the th ree files , and thei r 
contents, are : 

TEST . SPL
· 

TEST. REL 
TEST 

the SPL source tex t  
t h e  compiler gene r ated reloca table code 
the executable program 

After crea ting the neces sary fil es, enter your source text using the \ 
EDIT command : 

EDIT TEST.SPL= 

or 
EDIT TEST.SPL 

the first time 

to make ch anges later 

When y ou have f i nished editing the program t ext, compile i t  using the 
SPL command : 

SPL TEST 

�nd finally, use the SPLINK command t o  make the executable program : 

SPLINK TEST 

To run y our progr am ,  simply enter i t ' s  name as a command: 

TEST 

The actual process  followed by the computer is more complex, but y ou 
do not need t o  understand i t  to  use SPL .  The following descripti o n  is 
provided for y our informa tion only .  

1 .  SPL reads TEST . SPL and writ es a s sembly code into TEMP1. 
2 •. SPLOPT mod ifys TEMP1$ to opt imize generated a s sembly code . 
3. The ASM program is called t o  read TEMP1. and make TEST. REI. 
� .  SPLINK prepares a more complex LINK command and calls the 
5. LINK command , which produces the TEST executable f ile . 
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The SPL o ommand a o tually offers several options for oompila tio n  and 
l i s t i ng of your program . The full forma t speoifioa tion is: 

SPL <reloo flle >=<spl f11e >[ , [<asm oode f ile>] [,<lis ti ng file >] 

Where <reloc fil e >  will have a type . REL if no type is  specified , 
<spl fil e >  will have a type .SPL if no type i s  specified , 
<asm code f ile > will co ntain the generated ASH oode , and 

TEMP1$ will be used if no <asm ood e >  file is s peoified , 
and <listing file>  will oo ntain a number ed source l i sting 
wi th error messages and expanded COpy file text . It  may 
be CON S . DEY or PRINT.DEY, if desi red . 

If a single program name is giv en wi thou t  types in plaoe of 
<rel oc fil e=<spl file > ,  or only a drive ind i ca tor is s peci fied 
f or <rel oc fil e > , then the same file name wi th appropria te types 
wi l l  be  u sed . Some examp l es: 

SPL test  
SPL 1/=2l test 
SPL tes t" cons . dev 

uses t es t . REL and t est . SPL 
uses 1/ te st . REL and 2/ test . SPL 
uses tes t . rel and t es t.spl , and makes a 
l ist ing on  the console . 

If you wish  t o  use f il e  names th at do not have .TYPE extensio ns in the 
fil e  name, simply e nd the file name wi th a period . As an  example , to 
compile a program with source on drive 2 and executable fil e  a l so o n  
dri v e  2 ,  but wi tho u t  sav ing t h e  reloca table ou tput , you could use the 
followi ng sequence of commands: 

SPL temp2$ . =2/prog use s temp2$ as .REL and 2/ PROG . SPL 
SPLINK 2/prog=temp2$. 

If  you just wish t o  compile a program to check for errors , you may use 
the command form: 

SPL =<program name >  

This form wil l not assemble the 'compiled ou tput . 

-11-
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To make programs that use subroutines, you list each subroutine name 
after the main program name on the SPLINK command. It more than two 
subroutines are used, then you will need to make your own LINK 
command. An example using two subroutines is: 

SPLINK main,sub1,sub2 

It you use more than two subroutine names, the SPLINK command will not 
work tor y ou. In this case, copy the tile SPLINK.LNK to a file set up 
tor linking your program, perhaps ended with ".LNK". As an example ot 
thiS, tor the test program, you would: 

CREATE TEST.LNK,2 
EDIT TEST.LNK=SPLINK.LNK 
t 
i 
in test. rel , sub 1.rel,sub2.rel,9ub 3.rel,sub4.rel 
<press return to finish inserting> 
end 

From n ow on, to l ink versions of the test program, use the command: 

MAKE test 

The make command generates the command: 

LINK TEST=@TEST.LNK 

which will perform the requi red link ing operations. 
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3. META Nota tion 

SPL is des cribed in th is  manual in both 
no ta tion . Meta nota tion is a mean s 
precisely. To understand the sta tement 
aware of a few fundamental notations. 

english text and in Meta 
of spe cifying syntax ve ry 

descriptions, you should be 

Manda t ory choi ces are spe cified within braces {} w i th each choi ce 
seper ated by a vertical bar I. You mus t use one and only one of the 
choi ces . As an example: 

{ INTEGER I POINTER } 

me an s  th a t  you mus t  use one of the words, either INTEGER , or POINTER . 

Things enc l osed i n  bra cke ts []  are op tional and may be u sed or 
omitted. An exam p l e  i s : 

[ < st a tement l abel> ] 

The notatio n  <term> i s  used to describe some th ing defined elsewhere.  
All syntax rul es spe cified i n  tha t  def ini tion are to be  f ollowed. In 
th e above examp l e ,  the sta tement label is opti onal , bu t if  it i s  
pr es e nt , t he rul es for mak i ng a statemen t label must be followed. 

Any term followed by . 0 .  may be repe ated as oft en as des i red. An 
example of this i s : 

<iden t i fier > [ <i nteger l i ter al > ] 

� whi ch i ndicates th at an identi fier must be present, and m ay be 
fo l lowed by as many integer l i t eral s  as desired. 

A ny th ing el se th at i s  used in a descrip t ion m ay be co nsidered a 
keyword or  punctu a ti on, whi ch must appear exactly as described , except 
th at uppe r  and  l ower c ase do not matter except in  string lit er al s ,  and 
any number of s paces may be presen t wherever any space is pr esent. 
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� .  LANGUAGE ELEMENTS 

Any programing language is made up of basic elements. These elements 
may be keywords, like READ, variable names and literals, an d  the 
pun ctuation required by the language. To learn any language , it is 
often best to first l earn the rules for making and u sing t he basi c 
elements, and then l earn how to combine them. 

Each type of statement has its own required syntax. Syntax refers to 
the Wgrammer" of the statement. It simply mean s that certain special 
characters are used as punctuation to tell the compiler what you me an, 
and they mus t be used exactly as specif ied in this manual. 

The basi c · eleme nts in SPL are: 

1 • Keywords 
2. I de nt i f iers 
3 .  Var iables 
4. Literals 

They are used to make expressions and statements. 
4.1- Keywords 

A keyword is ei ther a word or punctuation that must be use d exactly as 
it appe ars in this manual. They are use d  t o tell SPL what type of 
sta tement or option you wis h  to use ,  an d  to logically seperate parts 
of the program. 

4.2. Identifiers 

Identifiers are names that you mak e up for your program. Any 
iden tifier must f it the following p a ttern: 

An alphabetic character 
none or more alphanUmeric characters 

The id entifier must not be the same as an SPL keyword. The character 
"un de rl ine " may be used to seperate part of a name for re adability. 
For exam p l e ,  HYNAME and MY_NAME may be used interchangably. There is 
no preset limit on how many ch aract ers may be used in an ide nti fie r , 
bu t you must type each of them every time you use the name, so do not 
make names longer than necess ary for clarity. Some valid identifiers 
are: 

I JJ PAYROLL MASTE�DATA NAME 
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4 . 3. Vari ables 

Vari ables are holding places for your data, and you give a d if ferent 
i denti fier to e a ch of them. The rules for making li t erals are 
different for each type of v ariable .  

SPL current ly suppor ts the following types of v ariables : 

1 6-bi t  INTEGER variables 
8-bit  BYTE variables 
32-bit  DOUBLE pr eci si on integer variables 
64-bit  REAL ( floa ting point ) variables 
dy nami cal ly al l oca ted STR ING variables 
addres s  POINTER variables 

4 .4 .  Lit erals 

Literals are the constants you use w i th in the tex t of you r  source 
prog ram to specify actu al values to be used by the progr am .  Exam pl es 
of literals are: 

3 -17 3 . 3E-2 "John's house" adr ( BETA) 

As an e xampl e ,  an integer variable nam ed I can hold several dif ferent 
val ues . If you wi sh to  put the  value 3 into the variable I ,  you could 
use the statement : 

1=3; 

I n  this example ,  the variable reference i s  I, an d  the l i t eral is 3 . 

-8-
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4.4.1. Integer Variables 

Int eger variables represent integer (no decimal fractions) data in the 
com puter . In SPL. one may cho ose amoung three kinds of integer 
varia bles , BYTE, INTEGER, and DOUBLE . 

BYTE variables r epresent val ues between -128 and +127, and require one 
by te of storage each. They may be u sed t o  contain ch aracter data when 
e ach charact er is to be manipulated se perate ly . 

INTEGER variables represent v alu es between -32,768 and +32,767. The y 
use two by tes of stor age e ach . Host integer ari thmetic i s performed 
using INTEGER type variables . INTEGER ty pe v ari ables alway s  start on 
an eve n memory ad dress  boundary. 

DOUBLE pr eci sio n integer va ria bles rep r esent values between 
-2.147,483,648 and +2.147,483,641. Each DOUBLE type i n teger requires 
four by tes of storage . DOUBLE ty pe vari ables may be used for 
ac coun ti ng purpose s , wi th large disk data f iles, an d in o ther 
appl icatio ns requiring a large num eric range and fas t er spe ed or 
bet ter accuracy than REAL variables. DOUBLE type variables alway s 
st art on an eve n  memory bound ary . 

The rul es for form ing integer litera ls are identi cal for BYTE , 
INTEGE R , and DOUBLE type variabl es , except for the range of values 
that may be used wi th each ty pe. All integer li terals must fit the 
followi ng  p at tern: 

Opt ional + or - sign 
One or more digi ts 
Ended by a charact er other than • 

If the first  d igi t is a zero , then the l i teral is co nsidered a 
hexidec imal number , and valid digi t s are: 

o 1 2 3 4 5 6 7 8 9 AB C D E F a b c d e f 

If the first digit i s  not a z ero, then the l i teral is considered a 
dec ima l  number, and only 0 through 9 are co nsidered val id digits . 

Neg a tive  numbers are in twos comp lement form. Thi s r esul ts in the 
fol lowi ng equ iv alences for 16-bi t  i ntegers : 

00000 to 01FFF ar e positive values 0 to +32161 
OFFFF to 08000 are neg ative values -1 to -32168 

Some exam p l es of valid integer liter als are: 

0 OFC3 -32761 +25 32161 45 
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4.4.2 . Real Variables 

Real variables  are capabl e of representing numbers t hat are not exact 
integers, an d numbers that vary from very large to exce edingly smal l  
values. Howeve r , they are not always r ep rese nted exactly i n  the 
computer.  For exam ple , i t  is not po ssible to rep r esent the value .1 
exactly in binary . Rea l  variables give you a l a rge range of values, 
but loose the exactness of i ntegers . 

Real num b ers m ay as sum e  values between : 

3.37350334183 • 10"'-80 
and 

7.23700557733 • 10"'+75 

Real l i terals must f i t  the fol lowi ng pattern: 

An optional leading + or - sig n 
One or mor e  digits and a req uired decimal po i nt 

opt i o nal ly , an ex po ne nt spec i f icati o n  wh ich f it s  the pa ttern : 

The charact er "E" 
an optio nal + or - sign 
one or mor e decimal d igits 
ended by any non-digi t charact er 

The l i teral may not have any embedded blanks. 

All real variables i n  SPL · ar e  stor ed in  8 bytes of 
st arting on an even ad dres s  bounda ry . In the cur rent 
of SPL, they are s tored i n  "System/370 Floating Point  
th at  computer first poP ul arized this form of 
represe nta tion.  

Picture each byte of a real variable as fol low s : 

EE MM MM MM MH 11M MM MM 

memory, always 
i mplementat i on 
Format" , si nce  

re al  number 

The first by te  stor es seve r al bits of i nf ormation. Pictur e Each b i t  of 
th i s  by te as fol lows : 

MS E6 E5 E4 E3 E2 E1 EO 

- 10-
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HS is th e sign of the man t i ssa, and thus the sign of the entire 
number s value . If HS=1 , then the value of the v ariable is les s th an 
zero . If HS=O ,  then the v alue of th e real number is greater th an zer o . 
Note th a t  twos complement notation is NOT used. The HS bit has no 
effec t  on the mant issa digit s  MH • • • •  MH. 

The bits E6 through EO are the exponent. It is expres sed in what is 
aalled We xce s s  64 no ta tionW• That is, expo ne n t  values of _1 hex and 
l arger indi ca te numbers grea ter than or equal to one . Expo ne nt val ues 
l es s than 4 1 hex r epr esent real numbers whose abs olute values a re l es s  
th an o ne . 

The expo ne nt i s  the power of 1 6 that the mantissa should be mul ti plied 
by to g e t  the real value. The wform ul aw for unde rstand ing the floating 
poi n t  representatio n  i s: 

16 A( EE-II1 hex ) - M.M MH HH MH HH HH HH 

Some sample  v al ue s  are: 

o 00 0 0  00  00 00 00 00  00 
1 41 1 0  0 0  00 00 00 00 00 

-1 C1 1 0  0 0  00 00 00 0 0  00 
1 0  41 AO 0 0  0 0  0 0  00 00 00  

-10 C1 AO 0 0  0 0  0 0  0 0  00 00 
15 41 FO 0 0  0 0  00 00 00 00 
16 42 1 0  00 0 0  00  00 00 00 

255 42 FF 00 00 00 00 00 00 
256 43 1 0 00  00 00 00 00 00 

4095 43 FF FO 00 00 00 00 0 0  
4096 44 10 00 0 0  00 00 00 00 

.5 40 80 00 0 0  00 00 00 00  

.1 40 1 9 99 99 99 99 99 99 

Note th at . 1  is an i rrational number in binary. Thi s is o ne  reason why 
y ou g e t  answers l i ke 1 .99999999999 instead or 2 when you do some ma th 
operations on a comput er. 
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4.4.3. Str i ng Vari ab l es 

String v ariabl es are used t o  store tex t .  A string is  a variab l e  length 
sequence  of characters th at may NOT co ntai n an ASCI I NUL ( 00 )  
charact er. The l ength of the string may be zero, in which case it is 
oalled a NULL stri ng .  All string variables are initialized t o  n ul l  
variab l es until they are used. 

S tring l i te ral s must fol low this pa ttern : 

The ch aract er " 
none or more ASCI I charact ers 
( the quo te charact er " is r epresented by "" ) 
ended by th e ch aract er " 
followed by any character except " 

Some examples are: 

"AL PHA # 3"  "123 S .  4th S t." "He said , ""Hel lol""" 

T here are two types of stri ngs : co nstants a nd dynamically al loc a ted 
variabl es . A constant is stor ed in  the program code i tse l f and i s  
never changed . 

String space i s  dynamically al loc a ted as ne eded from the unused memory 
space th at exi sts  be tween the end of the program and before the s t art 
of the operating system . Each string variab l e  i s  as sig ned a two byte 
ad dres s  poi n t er loca ted o n  an even addres s  boundary. This  pointer 
contai ns a zero t o  i nd i ca te a NULL string ,  or the addres s  of  the 
ap propriate text buf fer .  

The text buf fer starts on a n  even  ad dress  boundary. Th e  f irs t w or d  i s  
t h e  number o f  active r eferences to  the text buffer.  If this  i s  z ero , 
then the bu ffer mus t  never be released into free space for reu se . This  
i s  used t o  indi ca te s tring co ns t ant storage wi thin the program .  
Oth erwise, i t  ind i c a tes a dynamical ly al loc a ted string buffer , and t h e  
value of th i s  word is  th e - number of string variables th at are 
current ly as signed to th is  t ext . ( I f  two or more  strings a re as Signe d  
to th e same text , only one buffer i s  used , but b o th are coun ted  as  
refe r en ces . I f  bo th are reas signed to  different values, then the text 
buffer area wil l be releas e d  to free m emory . ) 

The se co nd word of the t ext  buffer is the count of the number of 
c h aracters, no t cou n ti ng th e NUL (00)  end- of- string delimiter. 

The actual tex t  follows the count  w ord and i s  ended wi th a n  ASCI I NUL 
( 0 0 )  by te . 
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5. POINT ER Vari abl es 

POINTER variables are a f orm of INTEGER ty pe  variable that are us ed 
when working with memory ad dr es ses as d a ta .  They may be used exactly 
as y ou wou l d  use a normal INTEGER ty pe variabl e . In addition, they may 
be used as  an i nd irect addres s point ers t o  the d ata y ou actual ly wish 
to b e u sed . Normal ly, A variable st ores d a ta to be used in it. A 
pointer varia ble 's data i s  the ad dress of th e  data you wi sh t o  use . 
This is a p owerful tool th at is usually o nly avail abl e  in as sembly 
language. 

I n  SPL, there are two forms of point ers . First , you may use an i nt eger 
as a pointer variable by pr ece eding it with th e charact er "@" . Second ,  
you may use a STRUCTURE. 

5 . 1 . Int egers used as POint ers 

A ny integer variable or expr es sion that is prece eded by an @ character 
i s  used as an  in direct reference. Thus , @1 000 means the da ta stored a t  
addres s 1000 in memory. @IX me ans t o ge t the d a ta in IX and use i t  as 
the ad dres s  of the actual data. 

Thi s  may 
take th e 
which 2 
contai ns 

be combine d  into expressions 
da ta in IX and us e i t  as th e 

is added . If IX contains  
25 , then @IX+2 me ans 27 . 

in several ways. @IX+2 me ans to  
address of the  actual da ta , t o  

1 0 00 an d  memory loca ti o n 1 0 00 

@(IX+2) means to  take the d a ta in IX and add 2 to i t , and us e th at as 
the ad dress of the d a ta . If  IX contai ns 1 0 00 ,  and 1 002 in memory 
contai ns 95 , then @ ( IX+2 ) me ans 95 . 

5 . 2 .  Address Literals 

If you are goin g t o u se point ers , then y ou als o  need a way to describe 
the ad dres s of a particul ar variable .  This is simil ar to numeric 
l i ter� l s. To do ord i na ry ari thm e tic , you need literals such as 1 9 and 
-25 as wel l  as variables such as IX and J .  

A n  ad dres s li teral i s  wri t ten ADR(VAR IABLE ) where VARIABLE i s  the name 
of the v a riable whose ad dress y ou des i re .  Not e  tha t you may NOT us e an 
exp r es sio n in side the parenthesis . I f  y ou des i re the addres s  of th e  
l o ca ti o n  2 bytes i n  memory af ter the variabl e IX , you would wri t e  
ADR ( I X ) +2. 

Typi cal ly ,  you m ight use a poi nter variabl e as a switch be tween two 
di ffere nt v a riables : 

P=ADR ( I ) ; DO some th ing; P=ADR ( J ) ; DO something; 

If the procedure "some th ing" uses P as a pO inter variabl e ,  th en the 
fir st  time it  i s  cal led , it wi ll use I, and the second time it wil l 
us e J .  
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5.3. Exam ple of Pointer Nome nc l a ture 

As an example , as sume tha t a program has three integer variables, I ,  
J, and K, stor ed in memory as shown: 

lII em ory ad dres s 
01000 
01002 
01004 

label 
I 
J 
K 

addres s  oontains 
47 
0 1 000 
- 1 9  

I n th is case AD R ( J ) is exactly equal to the l i teral value 01002 , J is  
equal to 01000 , and @J is equal to the oo ntents of memory loc a ti o n  
01000 , wh ioh is  4 1 .  

I f  t h e  sta tement J= adr(K) ; i s  performed ,  then t h e  follow i ng  resul ts :  

ADR (J ) i s  s till equal to 01002 , J is now equ al to 01004 , and @J is 
equal to -19 ( the data stor ed in memory at the addres s wh ich J 
contai ns  as da ta ) . 

5 . 4 .  Type of Data  using Poi nters 

Normally SPL knows the type of data from th e name o f  the variable 
since al l variables h ave been decl ared i n  a TYPE statement , su ch a s  
REAL, INTEGER , or STRING. 

When using a pO i n t er ,  you can specify any loca tion in  mem ory . The SPL 

comp il er may not know how t o  handl e  the d a ta i t  f ind s  there . SPL wil l 
consider i t  an i n t eg er unles s you specify a d i f ferent ty pe of d a ta by 
using the ch aract ers ft.ft, ft$ft ,  ftlft or ft&ft . 

@IX me an s the da ta is an integer 
@ . IX me an s  t h e  data i s  a real n um ber 
@$IX me an s the data is  a string 
@IIX m e an s  the data is  a double p r ecision i nt eg er 
@&I X  me an s  the d a ta is a byte integer 

5.5. Use of Uns i gned Mul ti ply and Div ide 

Since pointer variables contai n addresse s ,  no t si gned i n t eger value s , 
it i s  neces s ary to perform any mul ti pl icati o n  and division  upo n  th em 
w i th unsigne d  ari thme tic . SPL provides the .· and II operators for 
this purpose . An exam ple of thei r use might be to ac ces s  an array 
el em ent . In normal subscri pting ,  you might spe c i fy TABLE (INDEX ) for an 
el ement  th at  is  i n  the INDEX numbered posi tion i n  TABLE . Us i ng pO in t er 
variables , you cou l d  ac cess i t  by: 

@ (ADR (TABLE) +(INDEX-1 ) "S) 

This cal cul a tes the addres s of e l eme nt number INDEX in TABLE when each 
el eme nt takes S by tes , ( as REAL variables do). 

- 1 4-
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6. EXPRESSIONS 

Vari ables and l i t eral s  may be combined wi t h  various operators  int o  
e xpr es sions that can b e  eval u a ted b y  t he oomputer to p roduoe a 
res ulting v al ue .  An examp l e  of an expressio n 1s: 

RATE'TIME-DEDUCTIONS 

An expre s s i o n  i s  oompo sed o'f TERMS combined with OPERATORS. A TERM 
repr ese nt s  a single v alue t o  be used i n  t he expressio n , and an 
OPERATOR specif ie s  how t erm s are to be oombi ne d . 

6.1. Terms 

In SPL, terms may be any of the fol lowi ng: 

An in t eger or real nUmeri c .li teral 
A string li teral 
A pr ede fined function 
An i ndi rect reference 
a v ariable name 
Ano th er expr es sion e ncl osed in parentheSiS 

6.2 . Ope r ators 

Oper ator s  are as signe d prior i ties si miliar to those used in al gebra . 

This means that mul ti p li c a ti o ns are perf ormed before ad d it i o n ,  e t c . 
The valid operators, list ed in order of prior i ty a re :  

1 Term evaluati on (including p arenth esi s) 

2 (rai se to a power) 

3 unary + or - (leading s igns) 

4 I I (m ul t1 ply and d iv ide) 

4 I I  II (unsigne d  mul ti ply and divide) 

5 HOD (modulus - the remai nder after divi sion) 

6 + - ( numeric addition and s ub tracti o n) 

6 + (string c o nca tenation) 

7 <= <> < >= > = (logical rela tions) 

8 NOT (b i t  by bi t i nversi o n) 

9 AND ( bit by b i t AND ) 
10 OR lOR (b i t  by b i t  OR and Exclusive OR) 

6.3. Mi xed mode expressions 

Mixed mod e ex pres sions ar e al lowed .  This means that i nteger a nd real 
l i terals and v ariabl es may be used wi th in the same expres sio n. If 
e ither term combined by an operator i s  real, th en the i nteger term 
wil l b e  converted into a. rea l  value befor e the operation  takes place .  
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6.4. Logi cal Expressions 

Logi cal expres sions, incl udi ng the rela tiona l  opera tor s ,  re turn an 
integer val ue . 0000 is Fal se , and a ny o th er value i8 co nsid ered True . 
The rel a ti ona l  operators r eturn OFFFF for T rue . 

The b i t  m anipul a tion operations AND OR XOR and NOT perform their 
operation on each bit of an integer . Thus , 0005 AND 0006 i8 0004: 

0000 0000 0000 0101 
0000 0000 0000 0110 

(0005 hex ) 
(0006 hex ) 

AND 0000 0000 0000 0100 ( bit by bit AND function ) 

The m odul us fun ction returns the remai nd er  af t er div ision. Thus 9 HOD 
4 is 1, si nce 9/4 i s  2, wi th a remainder of 1. 

6.5. Data and Addres s  expres sions 

ExpreSSions th at produce a n  addres s ,  such as poi nter vari ab l e  
expressions, are r efered to  as  ad dres s expres sions. I n  the res t of 
this man ual, an address expr es sion m e an s ei ther an identif ier or a 
pOinter variable expression. 

Data expressions are the normal type of expres sions . They produce 
ac tual d a ta as a resul t ,  rather than th e ad dres s of the d ata .  

6.6. Integer, Real, an d  S tr ing Expr es sio ns 

In the rest of th i s  manual, the t erm in teger expression m e ans 
ex pr ession th at h as ,  or c an  h ave, an integer value as a res ul t .  
examp l e, "ALPHA"=ANS produces a n  i nteger resul t ,  a logi cal value 
or OFFFF . 

an 
For 

0000 

In a l ike manner, Real and S tr ing expr es sions refer to expr es sions 
tha t h ave the desi red type of e nd r esul t when evaluated . 

-16-
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6.7 . Predef ined Functions 

SPL offe r s  sever al predef ined functions th at may be 
expres sio ns as terms . They are: 

MATH FUNCTIONS 

All of the fol lowi ng ma th fun c ti ons that return a real resul t 
are accurate to only 7 signi ficant digi ts  in  the current 
r elease of SPL ,  since they are impl emented in  32-bit REAL 
ari thme tic .  This wil l be upgraded in a future release of SPL . 

SQRT (X)  real square root 
LN ( X )  real na tural logari thm of X 
EXP(X)  real expo nential ( e  raised t o  the X power ) of X 
LOG( X)  real common ( base 1 0 ) logari thm of X 

used 

ALOG(X) real common expo nential (10 rai sed to the X power ) of X 
ABS( X )  real absolute value of X 
RND r e al random number between 0.0 and 1.0 
IRND«i nteger l imit » integer random value with a range from 

z ero through l imit- 1 

SIN ( X )  re al sine of X in  r adian s 
COS ( X )  real co sine of I in r adian s 
TAN (X)  real tangent of X in r adians 
SEC (X )  real se c an t  of X in r adians 
CSC ( X )  real cosecant of X in r adians 
COT( X )  real co tangent of X in r adians 
ASIN ( X )  real arcsine in  r adians of X 
ACOS(X) real a rc co sine in  r adians of I 
ATAN (X)  real a rctangent i n  r adians of I 

INTEGE R  SHIFT FUNCT ION S 

Al l of the followi ng func tions take a 16-bit integer argume nt , 
pe rform th e des i red bi nary sh ift upon that value , and r e turn 
an i nteger resul t .  

SHIFTL ( value , pl aces )  shift  value l eft pl aces , 0 f111 on right 
SHIFTR ( value , pl aces ) sh ift v alue right pl aces , 0 fi lI on left 
SHIFTA(val ue , Pl aces )  shift  val ue right places ,  sign extend 

( copy MSB ) on left . 
SHIFTC ( val ue , pl aces ) shift value  right place s , circul ar  fil l 

( bi t s  sh ift ou t right go in left side ) . 

-17-
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I/O FU NCTIONS 

CONIN re turns  an integer value of the next co nsole key pres sed . 
The ch aract er i s  NOT echoed t o the co nsole displ ay . 

CON RDY re turns  OFFFF if the co nsole has an unread charact er 
avail able , and 0000 if no charact er is avail able .  

IOSTAT re turn s a n  integer contai ning the � st em error status code 
of the previous f il e  I/ O operation. 

FSIZE « file  name string expr » size of fil e  i n  sect ors  returned 

ADDRESS ( POINTER ) FU NCTIONS 

NRPARM i nt eger number of pa rame ters transfered t o  a subrouti ne 
PARMADR ( integer expres sio n )  ad dres s  of the desi red parame ter 
ADR ( VAR I ABL E )  integer ad dres s  of the specified  variable 
IXAD R ( tabl e , index , elementsiz e )  

'
th is fun c t i o n  r eturn s the addres s  o f  the ind exed e l ement 
of tabl e ,  where each e lement uses elementsize  bytes . 

STRING FUNCTIONS 

LEN ( stri ng expres sion ) integer number of charact ers i n  string 
CMDL INE string containi ng command line parame ter s  
CHR ( stri ng expres sion, integer expr es sio n )  

The ch aract er a t  the ind i ca ted position o f  the string i s  
retu rned a s  an i nteger . Zero i s  returned if  the position 
i s  past  the end of the  string .  

STG ( int eger expr essio n )  
The integer i s  r eturned a s  a single charact er string h av ing 
the ASCII value of the integer expressio n.  

SUBST ( string expr es sion ,  from integer expr es sio n, length expr es sio n )  
A string co ntai ning the specified  number of charact ers 
from the specified string expres sion,  st arting at the 
given position,  is r e turned . 

UCASE ( string expres sio n )  
A stri ng co ntai ning the same ch aract ers , except th at al l 
alphabe ti c charact ers h ave been ch anged t o  upper case , 
is  r eturned . 

LCASE ( string expres sion ) 
A string conta i ni ng the same ch aract ers ,  except th at al l 
al phabe tic charact ers h ave been ch anged t o  lower case , is 
r e turned . 

- 1 8- ' 
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7 .  ARRAYS and SUBSCRI PTING 

7 . 1 . Introduction 

An array i s  a col l ec tio n  of rela ted data items of the same type . Each 
array has a singl e name ,  and may have mor e th an one variable in i t .  
The size o f  an array i s  the total number of individual vari abl es 
s t or ed in i t .  

Picture an array of three i nteger s ,  cal led A .  I t  might look like this 
in memory : 

234 -98 4 5 

You may refer to a spe cific e l ement ( variabl e )  1n an array by using a 
sub scri pt . Thi s i s  an expr es sio n that specif�es wh ich element of th e 
array you wish to use . 

In  the example above , A ( 1 )  is a variable th at currently has the val ue 
23 4 stor ed in i t .  A ( 2 )  holds -98 , and A ( 3 )  contai ns 45. 

Sub script s are wri t ten by entering the array name and then the 
ch aracter ( fol lowed by an expr es sion ind i ca ting wh ich element y ou  
wi sh to use , and then end i ng the  subsc ri pt with the charact er ) .  

For exampl e ,  you may wri t e  A ( NR ) which means that the current v alue of 
the variable NR should be used to pi ck out which element of array A 
th at you wish to use . If NR co ntai ns the val ue 2 , then A ( NR ) refers t o  
A ( 2 ) . 

7 . 2 .  Decl ari ng an Arr ay 

To create and use an array in SPL , it must be dec l ared i n  a type 
sta tement such as REAL , INTEGER , STRING , etc . You may list the array 
name and the  l a rges t value of e ach subscript . For example ,  

REAL A ( 5 ) , B( 4 ) , C ;  

s pecifies that A i s  a n  array h av ing 6 elements numbered 0 th rough 5 ,  B 
i s  an array h aving 5 elements numbered 0 through 4 ,  and C i s  a real 
variabl e . 

- 1 9-
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7 .3. Extended Use of Subscri pti ng  

By specifying the s i z e  o f  t h e  maximum subscript , you wi l l mak e  room 
for the array . You a re not r equi red to do th i s ,  however.  By not 
specifying a size  for an array , you can use subscript i ng  to ac ce s s  
o th er v ariabl es , l oc a ted aft er the "array" variabl e .  

Ther e 1s  no ' checking performed when using s ubscripts .  This can l e ad t o  
trouble  i n  poorly deSigned programs , bu t  c an  al so b e  used t o  
advantage . Since al l d a ta is  al loca ted s pace in order specifie d , you 
may se t  up a l ist of variables : 

INTEGER A , B , C , D , E , F j  

An then use them ei ther in the normal way , or by making subscri pt s : 

A ( O )  ref ers t o  A 
A ( 1 )  ref ers to  B 
A ( 2 )  ref ers to  C ,  etc . 

The number of bytes used for each element of the array is  de term ined 
by the type of the refer enced d a ta .  Since A is INTEGER, 2 by tes are 
used for e ach element . If A were specified as a BYTE variabl e :  

BYTE A ( 1 ) j INTEGER B, C , D, E , F ; 

then the rela ti onsh ips woul d  be :  

A ( O )  and A ( 1 )  refer to the two by tes of A 
A ( 2) refers to the first by te  of B 
A ( 4 )  refers to the first byte of C ,  et c .  

I t  should be unders t ood th at the above " trick" should never b e  used 
j ust  for its own sake . If there is  no positive advantage to  be gai ned 
f rom referi ng to  variables i n  both an array subscri pt nota ti o n  and by 
i nd ividu al name , use only one form or the o th er.  Good progr am i ng  
practi ce alway s dictates th at the simpl est and cl e ares t techniques a re 
be t ter th an th e tricky or compl ex . SPL al lows mor e freedom th an shoul d  
be neces sary - don ' t abu se i t .  

-20-
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8 .  SPL PR OGRAM STRUCTU R E  

SPL program modul es are cl as sed as ei th er a mai n  program or a 
8ubrouti ne . Each module i s  seperat�ly compil ed then combi ned wi th the 
system LINK progr am .  

A mai n  program is o ne  that receives control from the operati ng syst em 
when the program i8 t o  be run . Each executable program .must b ave one 
and only one main program . 

A subrouti ne is a mod ul e th at receives co ntrol when CALLed from ei ther 
a mai n program or an oth er subrou ti ne .  Whe n  its END . statement is 
execut ed , control wil l return to the cal ling program . 

Subrou tine s  and program ing rela ted t o  them wil l  be di scussed in a 
seperate se cti on of th is manual . A mai n program fol lows th is  forma t :  

Opt ion statements , if any 
The program sta teme nt 

( as many SPL statements as ne eded ) 

END . ( marks the end of the main program. ) 

The program statement co nsists of : 

PROG RAM <progr�identi fier > ;  

The program identifier is the label th at the link editor wil l use for 
th i s  mod u l e  i n  i t s  memory map .  The word PR OGRAM and the sem ico l on are 
keywords and must appe ar exact ly as specified . The program identi fier 
is also the sta tement l abel of the f irst statement you want execut ed . 
As  an example : 

PR OG R AM TEST ; 
. . . . . . .  
TEST : J fi rst sta tement J • • • • • •  

END . 

The END . sta tement cau ses control t o  retu rn t o  the operati ng sy stem , 
and mus t  be the l ast  sta tement in the mod ul e . Ther e  must be one and 
only one " END . " sta tement pe r modul e .  Usu al lY ,  any va ri abl e ty pe 
d e c l arati ons and procedures are included be tween the PR OG R A M  s t a tement 
and the starting label .  
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8 . 1 . Comments 

Comme nts may appe ar any pl ace a s pace may appe ar , exc ept inside a 
stri ng li teral . Comme nts start wi th the ch aract er J and e nd with th e 
next  J ch aract er . I t  i s  po s sibl e to h ave sever al 11nes be one comme nt . 

An example of a statement wi th a comment is : 

P R OG RAM U PD A TE J upda te the transacti o ns da ta t il e  J 

8 . 2 . S ta tement Labe l s  

All  SPL st a tements except options , PROGRAM, SUBR OU T IN E ,  an d  C ODE may 
have a sta tement l abel pr ece ed them . A st a tement l abel is an 
identi fier fol lowed by a oolon. Exam pl es are : 

TES T :  P R OO R AI1...ENTR Y :  ER RO�ROU TINE : al ldone : 

Al so ,  labe ls  may be d ecl ared external ly ( se e SUB ROUTINES ) by placing 
an ast eri sk after the col on: 

NEXTCOMMAND : - ER RORPR OCESS: · 

The se l abe l s  are used by st a tements th at can transfer  co ntrol , su ch as 
GO TO , IF , and DO , to i ndi ca te where the des i red part of th e program 
i s .  

8 . 3 .  Sta tement format  

S PL al lows the use of ei ther upper or lower case l e tter s ,  hav ing 
identical me anings , except during stri ng l i t eral s ,  when u pper and 
l ower case charact ers are considered different . 

Mos t S PL statements e nd wi th a semicolon,  and may oc cupy as many line s  
as ne ces sary . N o  particul ar spacing or column alignme nts are 
ne ces sa ry .  > The only line-oriented statement in the l anguage are ASH , 
which l e ts the rest  of the l i ne be an embedded as sembly language 
statement , and COP Y ,  which l e ts y ou include mul ti pl e  text fil es i n  
you r  source program at compil e time . r 

8 . 4 . Opti ons 

Cur rent ly , the only option sta tements al lowed are :  

• TABS ; or • NOTABS j 

Note the period th at starts al l opt i o n  st ateme nts . The se two 
sta tements l e t  you select whe ther the as sembly language code generated 
by SPL wi l l have tab expanSio n,  wh ich requi res mor e  d i sk s pace and 
time ,  or j ust a space be twe en e ach fIe ld , wh ich i s  th e defau l t  optio n.  

-22-
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9 .  S PECIFICATION STATEMENTS 

In SPL , al l  variabl es must be decl ared in a specifica tion statement 
befor e bei ng u sed . Normal ly ,  all s pecifica tion sta tements in a program 
are pl aced immedia tely after the PR OGRAM or SUBROUTINE st atement , as 
the stor age for the variabl es i s  l oc a ted in the program exactly where 
th e specification sta tement oc curs . Since s pecifica tion statements are 
NOT execut able ,  you should not giv e them l abel s  or GO TO them.  

There is a specification sta tement for each type of data : 

BYTE 
INTEGER 
DOUBLE 
REAL 
STRING 
POINTER 

There  are al so speCificati o n  s t atements rela ted to different d a ta 
organiz ations , di scusse d  l a ter i n  th is manual : 

STRUCTURE 
STACK 
QUEUE 

The r e  is no requi red order to these statements and e ach may be u se d  as 
many ti mes as needed . The o ne rul e  concerni ng them is to never place 
them where they wi l l  be exe cut ed. The bes t pl ace i s  at the start of 
the program, as di scussed above . 

Par am e ter s of subrouti nes must be decl ared l ike any o ther variabl e ,  
but must not be as signe d  d a ta values by s pe Cifica ti o n  sta tements 
with i n  the subrou tine . 

9 . 1 . Spe cifying GLOBAL and EXTERNAL references 

SPL al lows variabl es to  be u se d  by more th an one mod ul e of a program 
by using the L INK ed i t or to communi ca te the addres s of variab l es to 
e ach modul e when the program is prepared . A GLOBAL variab l e  is one 
th at is  def ined and stored wi th in the module i tsel f, but is used by 
other program modul es such as subrou ti nes . An EXTERNAL va riabl e i s  o ne  
th at i s  def ined i n  ano ther mod ul e ,  and you wi sh to  use i t  in the 
cur rent modul e .  Variables th at are only u sed with i n  the cur rent 
modu l e ,  ( which incl udes most variables ) , are cal led LOCAL va riabl es 
when di scus sing GLOBAL and EXTERNAL references . 
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You c an specify th at an identifier 18 GLOB AL  by fol lowing the 
identifier wi th an asteri sk , ft_ft, when  defining i t  in a spe cif ica tio n  
s t a tement , or before the col on if the identi fier is a statement label . 
Loc al identi fiers that are fol lowed by an asterisk may be used by 
other mod ules of the program , since the - te l ls the L INK editor to 
al low thi s .  A v ariable to  be used by subroutines might be specified i n  
the m ai n  program as :  

POINTER HONITOR- OF80 0 j  

You s pecify th at a variable i s  EXTERNALLY def ined by prece edi ng  the 
identi fier wi th an asteri sk , ft_ " ,  when it is specified . In a 
subrou tine , HON ITOR would  be an external variable ,  and wou l d  be 
referenced by prece eding the identi fier wi th an ft_ " :  

POINTER -MONITOR ; 

G O  @MON I TOR ; 

One very impor tant point t o  remember is that data assignme nts i n  the 
spe c i f i ca ti o n  sta tement may not be made for EXTERNAL va riabl es . This  
i s  because the  compil er gener ates a d a ta sta tement for it ,  but when 
the v ari abl e i s  refer enced external ly ,  i t  h as  alr eady been def ined i n  
t h e  o th er modul e .  I n  practi cal terms , if the asteri sk pr ece ed s  the 
id e nt i fier , you may not fol low it wi th l iterals in  the specifica tio n  
s ta tement . 

-24 -
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9 . 2 .  The IN TEGER and POINTER specification statements 

Int eger vari abl es are decl ared using the INTEGER or POINTER statement . 
The only difference be twe en INTEGER and POINTER in the current rele ase 
of SPL is docume nta tion.  Decl ari ng an integer a POINTER alerts the 
reader that th at vari able is going to be use d  for indirect addres sing . 
In a future rele ase of SPL , POINTER s  may take 4 by tes , as they wil l 
stor e  the ty pe of the des t i na tion variable aut oma tical ly . 

The form is : 

{ INTEGER I POINTER } <integer specif icati on> 
[ , <i nt eger specifica ti o n> ] • • •  

An  i nteger s pe cific a ti o n  i s : 

<identifie r >  [ . ]  [ <d a ta specifica tion) ] 
or 

• <ident i fier ) 
or 

<identifie r )  [ . ]  ( <integer l it eral > ) 
to reserve < i nteger l i teral >+' words of integer space 
for array sub scr i pt i ng  or l ist use . 

And a d a ta specific a tion i s : 

one or mor e integer l i terals or ad dres s const ants of the form : 

ADR ( < id enti fier)  ) 

Some exampl es are : 

INTEG ER i , j , k  34 , h OFF, tabl e ' 2 3 4 5 6; 
INTEG ER room ( 20 ) ;  
POINTER ap tr, bptr , roomptr ADR ( room ) ; 
POINTER ip t r  AD R ( i ) , j ptr  ADR ( i ) ADR ( j ) i 

I f  the id en t i fier i s  prece eded by . , it i s  def ined EXTERNALLY . If  i t  
i s  fol lowed by a n  . ,  then i t  i s  a GLOBAL variable which may be 
refer enced by o th er program modules . 
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9 . 3 .  DOUBLE specifica tion sta tement . 

Dou b l e  precision integer variables 
sta tement . The form is : 

DOUBLE <dpi s pe c > [ <dpi s pe c >  ] 

where <dpi s pe c >  is : 

are specified with the DOUBLE 

<identifier > [I ] [ <data s pecification> ] 
or 

I <identi fier > 
or 

<identifier > [ I ]  ( < array size> ) 

The array siz e spe cifica ti on,  if present wil l al locate « array 
size >+1 ) ' 4 by tes of st orage , as array subscript s start with O .  

A <d a ta s pecifica ti on> i s  one or mor e integer li terals ,  seperated by 
spaces . 

9 . 4 . The BYTE specifica tion 

BYTE variables are  defined by  the BYTE specification statement .  I ts 
form is : 

BYTE <by tevar s pe c >  [ , <by tevar s pe c >  ] 

where <by tevar s pe c >  is : 

<identi fier > [ I ]  [ <da ta s pecification> ] 
or 

I <identifier> 
or 

<identi fier > [I ] ( <array size>  ) 

The array siz e  specifica tion,  if present wil l al locate « ar ray 
siz e>+ 1 ) by tes of storage , as array subs cri pt s start wi th O .  

A <data spe cification> is  o ne  or mor e integer or string l i teral s ,  
se perated b y  spaces . 
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9 . 5 .  REAL variable specification 

Real variables are specified by using the REAL sta tement . The form 
is : 

REAL <real specificati on> [ , <re al  specifica tion> ] • • •  

where a real specifica tion is : 

<identi fier > [ . ]  [ <re al l i t er al >  • • • ] 
or 

• <identi fie r >  
o r  

<ident i f ie r >  [ • ] ( (integer liter al > ) 
to r eserve real tabl e s pace 

Note th at several r eal l i t erals may be specified , se pe r ated by s paces , 
to create real  data tabl es . Some examples are : 

REAL a , b , c , d  34 . 2  tabl e - 1 . 0 2 . 4  3 . 09  3 . 1 E-4  
R E AL  al ph a ,  be ta , gamma , gre ek-sums ; 

If  y ou fol low the identi fier wi th an . , then the variable  i s  def ined 
for the L INK ed i t or to communi ca te to another modul e .  To al low other 
subrout i ne s  to reference a r eal variable ,  you might use : 

REAL pi e 3 . 1 4 1 5 9 ; 

A subrouti ne th at wishes t o  use the above defined v ariable shou l d  
pl ace a n  * BEFORE the identi fier name . A subrouti ne th at refer ences 
PI , above , wou l d  s pecify : 

REAL . pi ; 

Not e th at da ta may not be s pe cified when def ini ng an external variabl e 
reference . 
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9 . 6 . STR ING Variable Spe cification  

The STR ING statement is used t o  specify string variables . The form is : 

STRING <string s pecificati o n) [ , <string s pecifica tion) ] • • •  ; 

where a stri ng s pecification is : 

(identi fier ) [ - ]  [ <string d a ta specificati o n) ] 
or 

- <iden t i fier > 

and a stri ng d a ta speci fication i s  ei th er a stri ng l i teral , or an 
int eger l i teral . If an i nteger l i teral is used , a si ngle charac t er 
stri ng having th a t val ue i s  def ined . Thi s i s  one way of spe cify ing 
ASCI I co ntrol ch aract ers .  

Some exampl es are : 

STR ING name "MIKE " ,  other_name , ctlc 03 ; 
STRING al ph a ;  

If t h e  identifier is fol lowed wi th an - , then the variable i s  def ined 
external ly for the LINK ed itor to communicate to other modules , so 
that they may reference the variabl e .  An example i s : 

STR ING company_name- "XYZ Mfg . Co . " ;  

To reference th i s  stri ng in  anoth er modu l e ,  include the - BEFORE the 
identifier name . A subrou ti ne th at uses the above stri ng  wou l d  
s pecify : 

STR ING -company_name ;  

Note that such external specifica tions can not specify data .  

A stri ng s pecification may al so b e  a n  array dime nsio n :  

<i dent i f ie r >  [ - ]  ( <array size> ) 

Note th a t  no d a ta may be as si gne d  to  a string array wi th in the 
spe c i f i c a ti o n  sta tement . Each eleme nt of the array takes two by tes and 
contai ns the buffer pointer ad dres s for th at  string e lement of the 
array . 
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1 0 .  EXECUTABLE STATEMENTS 

Executable statements are those statements th at wil l 
executabl e code for the proces sor to perform. An executable 
i s  performed when control is transfered t o  i t .  

gene rate 
st a tement 

Normal SPL programs specify some program label th at is to  receive 
i n U al  co ntrol , or begi n the program executi on.  From th at sta tement 
o n ,  each statement is  execut ed i n  t h e  order i t  physical ly oc curs i n  
th e program ,  unl es s th at sta tement transfers control to a label of 
ano ther sta tement , ( as GO TO does , for example ) .  

I f  a sta tement can transfer co ntrol to a dif fer ent sta tement label , it 
i s  co nsidered a C ON TROL s ta tement . All other sta tements only tr ansfe r  
control to the nex t  sta tement in the program when they fini sh thei r 
task . The most common example of th is type of sta tement is the 
v ariabl e as signment . 

1 0 . 1 . The Assignment S ta teme nt 

The as signme nt sta tement al lows you t o  evalua te an expr es sio n and 
assign i ts value to  a v ariabl e .  The sy ntax is : 

[ labe l [ - ] : ]  <ad dres s expr es sion) = <da ta expres sio n) 

The ch aracter ft _ ft  after th e l abel specifies the l abel as a GLOBAL 
symbol . Other program mod ul es can r eference the l abel . 

An ad dres s  expr es sion i s  a vari able name or an ind i rect addres s  
expres sion that identi f ie s  the desi red variable that i s  t o  be changed . 

The data expres sion i s  evalua ted , and the resul ti ng value i s  a s signe d  
to  the variabl e identi f ie d  b y  th e addres s expr es sion. Any ne ces sa ry  
mode co nversi ons be twe en real and i nteger wil l be performed . A string 
variabl e may not be as Signe d  a numeric expr es sion and a numeric 
variabl e m ay not be as signe d  a string expres sion . 
Some exampl es are : 

ALPHA = 3 . 2  - SIN ( C ) A2 . 1  ; 
@da t�i nter = B+ @ ( ADR ( TABLE ) +2 ) ; 
C = D ; 

I f  the d e s t i na tion vari abl e  1s not the same d a ta ty pe as the 
expres sion ,  th e value of the expres sion wi l l  be converted to the type 
of the d es t i na tio n  v ariab l e  af ter the expression i s  comple tely 
eval u a ted . 
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1 0 . 2 .  GO sta tement 

You may transfer control to any labeled executabl e sta tement wi th the 
GO s t a tement . I ts form is : 

{ GO : GOTO I GO TO } < label ad dres s expr es sion> 

As an exampl e :  

GO test ; 
• • • • •  , other statements , 
test : a= a+ 1  ; 

The GO sta tement wil l  cause execution to conti nue with the  sta tement 
l abeled t es t : .  

As  another exampl e ,  th e use of poi n t er variables al lows assigne d  GO  TO 
branches : 

ptr= ADR ( labela ) ;  GO @ptr ; 

ptr= ADR ( label b ) ; GO  @ptr ; 

The G O  @ptr ; sta tement wil l tr ansfer co ntrol to ei ther l abel a :  or 
l abelb : ,  depend i ng  on wh ich l abel has been as signed to  ptr. 

1 0 . 3 .  The Comput ed GO Sta tement 

SPL al so offers a computed GO  sta tement th at l e ts an i nteger-valued 
expression select one of several program label s and GO  to th at label . 
The form of the comput ed GO i s : 

GO « labe l > [ , <labe l > ] • • •  ) (integer expression> ;  

Note th at only program labe l s  may be used i n  th e  label list . Add res s 
expres sions and pointer variables may NOT be used . As an exam ple : 

G O  ( al ph a, be ta , gamma ) control ; 
d e l ta : . . . . . . .  . 

Thi s  statement wil l go to alpha i f  co ntrol= 1 .  If control=2  th en  i t  
wil l G O  TO be ta . Likewi se , i f  control = 3  then i t will GO TO gamma . If 
control is less th an one or more th an 3 .  the sta tement l abeled del ta 
wil l be executed , and no branch wil l be taken . 
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1 0 . � . IF • • •  THEN • • • ELSE 

The IF s t a tement is the mai n decision making sta tement in SPL . It has 
the form : 

IF <i n teger expr es sion> THEN <sta tement > [ ELSE <statement >  ] 

Note th at no ; i s  r equ i red after the IF statement since i t  i s  e nded by 
anoth er sta tement , which wil l have its  own ; .  

Any exe cu t a bl e  SPL sta tement may be u se d as the co ndi tio nal s t a tement . 
If y ou desi re mor e th an one sta tement to be performed as a r es ul t of 
the IF test , you may enclose them in { BRACES } . As an exampl e :  

IF cmd= "G O" THEN { fl ag = 1 ; GOTO proces s ; } 
ELSE fl ag=O ; 

10.5 . LINK sta tement 

Normal ly , when a program ends , the comput er operator must ty pe in a 
command to specify what shoul d  be done next.  The L INK sta tement  l e ts 
an SPL program se nd a command to  the operati ng system d i rec t ly , and 
th en  END s  the  SPL program to perform that command . The form of th e 
L INK sta tement is : 

L INK < s t ring expres sion> 

As a n  e x ampl e ,  th e sta tement : 

L INK "DI R 2/ "  ; 

wil l end th e progr am and di spl ay the directory of drive 2 .  Not e th at 
the str i ng  expres sion may be any val id operati ng system command . 
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1 0 . 6 . PR OCEDUREs and the DO st a tement 

Ofte n , a grou p of sta tements must be performed at  several di fferent 
places i n  a program or pe rformed many ti me s . SPL al lows this  wi th in a 
program by se t ti ng u p the group of statements as a PROCEDURE,  and then 
DOing th e procedure.  

The form of a procedure sta tement is : 

« sta tement l abel > : ] PROCEDURE <identifie r >  ( e ]  ; 

The opt i onal ast eri sk al lows the procedure to be execut ed from outside 
th e mod u l e  it i s  def ined i n .  

A pr ocedur e h as  the form : 

PROCEDU R E  sta tement 
other SPL sta tements 
END ; 

I f  co ntrol is  transfered t o  the PR OCEDURE statement ' s  label , or " falls 
th rough" from the sta tement be for e the procedure,  then the procedure 
wi l l  be pe rformed as if  PR OCEDURE and END ; were not present . Thi s 
al low s the procedure to be executed in-line . 

To perform the procedure , the DO stateme nt is used . Two forms of the 
DO st a teme n t  are al low ed . The f irst is : 

DO <procedur e  identi fie r >  ; 

Thi s form wil l pe rform the procedure and then return to the statement 
fol lowi ng the DO . Note th at th e identi fier u sed by DO is  th e 
i d e n t i fier th at fol low s  the word PR OCEDURE,  no t the statement l abel of 
the PR OCEDURE sta tement . 

The se co nd form al lows l oopi ng and performing the procedure several 
times . I ts form is : 

D O <proced u re identi fier > 
< i ndex  addres s expr es sio n> = <ini t i al value expression> 
, < l im it i ng  val ue expr es sio n> ( , <increment expr es sion> ] ; 

The i nde x vari abl e i s  se t equal to the i ni t i al value , and th at value 
is compared t o  the l imit  val ue . If the i ncrement is  po sitive ,  the n  
i nd e x  mus t  be < =  li mi t for th e D O  t o  execute the procedure. If th e  
i ncrement  i s  nega t iv e ,  th en the index  must b e  > =  li mi t for the D O  t o  
execut e the pl'ocedu r e .  Each time the procedur e i s  performed ,  th e 
i ncr eme nt , or 1 if no i ncr eme nt is s pe cif ied , is added t o  the i nde x , 
and the test i s  made agai n .  Thi s Al lows the procedure to be pe rformed 
se v eral ti me s  wi th one DO sta tement . 

Al l expres s ions are eval uat�d o nly once , at the st art of the DO 
stateme nt ,  and changes to va riables r eferenced in those expressions by 
the pro cedure w i l l not af fect th e execution of the DO sta tement. 
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As an example :  

PROGRAM l oop_demo ;  
INTEGER ix ; 

PROCEDURE test ; 
PUT -test  procedure. IX=- , ix ;  
END ; ,  

l oop_demo : DO test : ix= 1 , 4 ; 
END ; 

wil l pri nt out : 

tes t procedure.  IX = 1  
test procedure. IX=2 
test procedure. IX=3 
tes t  procedure.  11=4 

If  the procedure identi fier i s  om it ted from the DO sta tement , th en the 
procedure  immediately fol lows the DO sta tement and e nds wi th the next 
END ; sta tement : 

DO : 1= 1 , 3 ;  
PUT I ;  
END ; 

wil l pri nt out : 

1 
2 
3 

1 0 . 6 . 1 . Exi ti ng from a DO l oop 

Normal ly ,  a procedure,  whe ther spe c i f ied  in a procedure statement or 
by an i n- li ne procedure  as shown above , MUST exi t  th rough the 
a s socia ted END ; statement . To exi t a DO procedure wi thout goi ng 
through th e END ; statement , use the EXIT ; sta tement . Thi s  wil l abor t 
any addi ti ona l  executions of the cal ling DO loop .  As an exampl e : 

DO : 1 = 1 , 1 0 ; 
pu t i ;  
i f  I = last  then exi t ;  
pu t "more to go " ;  
e nd ; 

Thi s wou l d  perform 1 0  i terations of the code , un l ess the vari ab l e  LAST 
were less th an 10 . If so , th e DO sta tement would be abor ted when th e 
EXIT ;  sta temen t  i s  execut ed . 
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1 1 . CON SOLE ou tput of an i n t eger as a ch aract er 

Direct console  ou tput may be used to send a control sequence to the 
console  or echo charact ers read in using the CONIN function. The 
format  i s :  

CONOUT <integer data expr ession> ; 

For example , to se nd a backs pace to the co nsole :  

CONOUT 8 ; 

1 2 . The COpy sta tement 

Some times you wi l l  wish to use exactly th e same sta tements i n  several 
d i f ferent program s  or subrou ti nes , for exam pl e ,  i n  defini ng a d i sk 
da ta record , or common va ri abl es . You can put the SPL source code i nto  
a fil e and then  i nclude it  in  e ach SPL modul e wi th the COpy command . 
I t s  form is : 

COpy (file name >  

Note  that  there is  no ; a t  th e e n d  of  the COpy s t a tement . Al so , 
no th i ng can fol low the fil e name on the same l ine , and the COpy 
s t a tement must  al l  be on the same l ine .  It  wil l  be repl aced wi th the 
text of (fil e name > du ring compil a tion.  An example is : 

COpy se tu p . spl 

1 3 . TR�CE facil i ties 

SPL provides two forms of the TRACE statement to assist  in debuggi ng 
y our programs . TR ACE LABELS wi l l  d i s pl ay a mes sage on the conso l e  for 
e ach sta tement l abel th at i s  execut ed , to show you th e pa th y ou r  
program is taki ng . 

The se co nd form wi l l  tr ace the execution  of e ach mach ine i n stru cti o n  
as i t  i s  executed , showi ng y ou t h e  i n struction  mnemonic , addres s ,  th e 
contents  of any register s ,  and the resul ts . I t  i s  h elpful t o  h ave a 
l is t i ng  of the compil ed a s sembly langu age code h andy to i nter pr e t  wh at 
you wil l se e .  If you d i d  n o t  specify a n  i ntermediate fil e  on t h e  SPL 
command , th en the compil ed as sembly code wil l be in fil e TEMP 1 $  for 
you to pri nt ou t .  

The form of the TRACE statement is : 

TRACE { LABELS I EXECUTION } { ON I OFF } ; 

Trace sta tements cause the final program to run much s l ower and 
requi re mor e memory space . 
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1 4 .  Embed ded ASH l anguage sta tements 

SPL al lows you to i nclude assembly langu age statements in-line with 
your SPL st atements by using the ASH sta tement . It st arts wi th the 
keyword ASH. The next charact er fol lowi ng the H of ASH i s  ignor ed as a 
delimiter . The r es t  of the l i ne wil l be the assembly langu age 

sta tement . 

As a n  exampl e :  

PROORAH asmtest i 
I NTEGER i ,  j ;  
asmtes t : 
G ET i , j ;  
J Shi ft I right J bits J 
ASH shift  mov i, rO get i 
ASH srl rO , 1  sh ift i t  
ASH mov rO t i  put i t  back 
j= j- 1 ; 
IF j < >O  GO shift ; 
PUT i i  
END . 

Regi sters RO through R1 may be used freely , al though any SPL statement 
may change them. Regi ster RB is a base i nd e x  register for subrout i ne 
parame ter s ,  R9 is a subrou ti ne parame ter address  stack,  and R 1 0 is the 
util ity st ack pointer . R1 1 is  used for BL instru ctions,  R 1 2 1s use d  
duri ng PU T sta tements for editing ,  an d  R 1 3 ,  R1 4 ,  and R 1 5 ar e  used by 
BLWP i nstructions . Any as sembly langu age sta tement may use any 
regi ster , bu t  rB , r9 ,  and r 1 0  must be left unch anged when the next SPL 
statement oc curs . You must co nsider th at any SPL statement may ch ange 
a l l  regi ster s .  
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1 5 .  TEXT INPUT/OU TPUT 

SPL Prov ides two forms of Input /Output statements .  Text oriented I/O  
i s  used  for console and disk t ext file use , and DIRECT I/O is used to 
acces s di sk or device f il es i n  mul ti ples of 1 2 8 byte sector s ,  wi thout 
any editi ng .  

Tex t  I / O  i nvolves ed iting operations that convert data be tween ASCI I 
ch aracter representa tions and the inter nal forms data are stored i n .  

The GET sta tement i s  used for tex t  i nput , an d  t h e  PUT sta tement i s  
used for tex t ou t pu t .  Al so , you can G ET FROM a stri ng ,  scan ning the 
s t r i ng  and converting it  into other d a ta forms . You may al so PUT TO a 
str i ng  u s i ng the PUT editi ng facil i ties  to create text strings . 

GET and PUT may al so use d i sk t ext fil es by us ing the OPEN and CLOSE 
sta tements to se l ec t  d i sk fil es . 

The forms of the GET statement are : 

% Rea d  input from the co nsole % 
GET <input edit l i st >  ; 

J Read i nput from a string in memory % 
GET FROM <str i ng expres sion> : < input ed i t  l ist > 

J Read from a d i sk t ext fil e % 
GET ( < fi le  des cri pt or > ) <input edit l i s t >  ; 

J Read from a non-stri ng loca tion i n  memory % 
GET FROM ( <ad dres s  expr > , < length expr > ) <input edit  l i st > ;  

Thi s  l as t  form i s  used t o  ed i t  text co ntai ned i n  direct d i sk I / O  
buf fers i n t o  normal variabl e forms .  Thi s a l lows SPL to work wi th data 
s t or ed i n  almost any forma t .  

The address  expres sion gives t h e  starting l oca tion i n  memory o f  the 
i nput tex t ,  and the length expression is equal to the maximum number 
of characters to be scan ned . There  i s  no requirement on the�a ta 
format except  th at  an ASCI I NUL ( 00 )  wil l alway s force input edi t i ng  
to term i na te a s  i f  that ch aract er were the end o f  t h e  " l i ne " .  An ASCI I 
RETU RN ( 1 3) wi l l  al so effect an end of l i ne co ndit ion.  In a l l o ther 
case s , the l i ne w i l l be ended by the number of ch aract ers speci fied  
bei  ng  s can ned . 
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The forms of the PUT statement are : 

PUT [ : ] <output edit  l i st >  ; 

PUT to the console 
cause s the output to  
put statement . Thi s  
G ET statements . 

device . A col on i mmedia tely after the keyword PUT 
remain on the current line after the end of the 

is used t o  provide input "prompts"  for fol lowing 

PUT TO <stri ng addres s  expres sion> : <output edit list > ; 

The l i ne of text resul ting from the PUT ed iting is  assigne d  to  the 
spe c i fied s tri ng .  No carri age return is at the end of the stri ng .  

PUT ( <file des cript or > ) <output edit l i st > ; 

The text line ,  with carri age return , is sent to the specifie d t ext 
f il e .  

A fi l e  descript or i s : 

<integer fil e poi nter >  [ \ <eof and e rror l abel> ] 

All d i sk fil es are referenced through the use of an int eger pointer 
vari abl e as signed by the OPEN s t a tement . The optional e of and e rror 
l abel i s  the program l abel to branch to i f  an eof or error co ndition  
i s  d e t e c t ed during 1 / 0 .  

P U T  TO « addres s expr > , <length expr» <output edit l is t > ;  

Thi s a l l ows you to edit  v ariabl es i nto a string of text and then place 
th at  text at  any se lected memory addres s ,  wi thout stor i ng  it in the 
form used by SPL stri ng variabl es . Thi s  is  useful in wor k i ng  wi th 
d i rect 1/0 d i sk buffers and o ther structured data organizati o ns .  

The number of charact ers specified wil l b e  stored i n  memory . No r e turn 
or l i ne feed or Nul l wil l be appended at  the end of the l i ne .  If  the 
resul ting output string is shorter th an the number of ch arac t er s 
specified , then blanks wil l  be appended on the righ t .  If  longer , 
characters on the righ t wil l be trunca ted . 
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1 5 . 1 . Input Edi t  L ists 

Duri ng i npu t text ed i t i ng ,  th e source text l i ne is scanned under 
control of the i nput edi t  l i st . The form of th is list i s :  

<i nput edi t  term > [ , <i nput edi t  term> ] 

Ther e  are sever al forms of input ed i t  terms . 

1 5 . 1 . 1 . Integer or R eal variable addres s references 

If you s pecify the ad dres s of a numeric  vari abl e ,  th e input text l i ne 
i s  s can ne d  from i t s  curren t position, sk i ppi ng bl anks . If  a nume ric 
l i t eral  i s  encoun tered , i t s  value i s  as signed to th e  spe c if ied 
v ari abl e .  The sc an cursor is  po sitione d  to  the ch aract er fol lowi ng the 
ch aracter used as a delimiter to end the l i teral . If no li t eral  is 
encount er e d , the cursor i s  positione d  t o  the f irst non-bl ank 
c h aract er . 

As an  exam p l e ,  If the input l i ne i s : 

1 23 , 1 9XYZ 

is  r ead by the sta tement : 

GET I , J , fur th er ed i ting t erms ; 

The n I i s  as signe d  t h e  value 1 23 . J is as signe d  t h e  value  1 9 ,  and the  
cursor i s  po si tioned to the charact er Y i n  the d a ta for further 
ed i ti ng . 

1 5 . 1 . 2 . Int eger or Real Fixed l ength references 

You m ay al so specify a fixed fie l d  wid th spe cifica tion.  Tha t  many 
characters  wil l be  scan ned for a val i d  number . No m a tter how many 
ch aract ers  of th a t  f i e l d  a re used by the resul ti ng number , the scan ner 
wil l b e  po si t i o ned  after the ent i re fie l d  for th e next  input edi t  
term . For f ixed field s pe cifica tions o nly , leading z eroes do N O T  

i nd i c i a te hexidecimal  nota tion. Thi s a l lows  a stri ng of d igi ts t o  be 
bro k e n  i n t o  se perate compo ne nts . For exampl e : 

G ET I\2 , J\ 3 ; 

w i l l read the  d a ta 01045 and se t 1= 1 and J =45. 

On real  vari a b l es , only th e fie l d wid th may be s pecif ied . No dec imal  
pl ace d e faul t i s  av ailabl e .  
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1 5 . 1 . 3 . Stri ng Add ress Spe cifica tions 

If a stri ng addres s  i s  s pecified , then the rest of the input l i ne from 
the c ur rent cursor po sition is as signe d t o the string variable .  

For examp l e , the statement : 

GET L INE ;  

wil l read an enti re l ine into the string LINE. 

1 5 . 1 . 4 . S tr i ng Addres s  wi th length specifications 

If the s peCification  i s  of the form : 

<string addres s expr es sion> \ <integer expr es sion> 

The i nteger expres sion wil l de termi ne the number of charact ers ,  
start i ng ' a t  th e current cursor po sition,  to as sign t o  the string 
variabl e .  Al so ,  the cursor wil l be adv anced by th at number of 
character s .  If there are not enough charac t ers r em ai ni ng o n  the input 
l i ne ,  th e n  th e resul t str i ng  wil l be pad ded wi th bl anks o n  the right 
end to make it the desi red length . I f  the c ursor i s  at the end of the 
i nput text , then a nul l  str i ng  wil l be assigne d  to the string 
vari abl e .  

For exam pl e ,  the i n put text : 

1 23 4 56 7 890 ALPHA 

when read by th e sta tement : 

GET S \4 , T ;  

where S and T are stri ng vari ables wil l resul t i n  S bei ng set  to  
" 1 23 4 "  and  T bei ng se t to " 56 7 890 ALPHA" .  

- 3 9-
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1 5 . 1 . 5 .  String address expression wi th del imi t er 

You may al so spe cify th at a string v ari abl e  i s  to be se t to the 
character s starting at th e current cursor position and conti nui ng 
unti l  a c e r tai n character occurs . This ch aracter is cal led the cursor . 
I t  i s not part of th e as signed string v alue , and the cursor i s  
positi one d  af t er i t  for further scan ni ng . I t  the delimiting ch aract er 
does not occur , the cursor position remains unchanged , and the string 
vari abl e is se t to a NULL str i ng .  

Thi s i s  s pecified by : 

<s t r i ng ad dres s expres sion> ' c 

where c i s  the delimiter ch aract er .  For exampl e ,  the input l i ne :  ' 

0 1 23 4 5 6 7 8 90 AL PH A :  BETA 

Whe n  read by the sta tement : 

GET R ,  S '  : , T ;  

Where R i s  a real number , and S and T are strings , resul ts in 
R= 1 2 3 4 56 7 890 , S= " ALPHA" and T= " BETA" . 

1 5 . 1 . 6 .  Tab t o  position 

The scan cursor c an be se t to any po si tion  ei ther forward or backward 
by th e TAB term : 

, < i nt eger expres sion> 

The value of the expressio n de term ines the next  column to  be scanne d .  
The f i rst  col umn  o f  th e input l i ne i s  numbered 1 .  

1 5 . 1 . 7 .  Mark Column Pos i tion 

The current column number th at is  pointed to by the scan cursor may be 
saved i n  an i nt eger variable by us i ng th e term : 

? < i n t eger ad dres s expres sion> 

Note th a t  th is  may be used t o  scan the same informa tion twi ce : 

G ET S ' : , ? I POS , T , II POS , R ;  

The above exampl e ,  assuming th at S and T are stri ngs , IPOS and R 
i n tegers ,

' 
wi l l l e t  you scan t o  the pos ition  of a delimiter , and 

se t a stri ng equal  to the rest  of the l ine , and th en return t o  
po s i tion aft er th e del imi ter and scan for a n  i nteger value . 
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1 5 . 1 . 8 .  Ski p  columns 

The s pecification:  

\ < i nt eger expres sion> 

cause s the i nput scan cursor to  advance the indi ca ted number of 
po sition,  + or - ,  from i ts cur rent position.  If th is would take i t 
pas t the end of the input l ine ,  then the cursor i s  positioned t o  the 
end of th e i n put line .  If this  would cause the c ursor to be 
positioned before the start of th e l ine , then the cursor w ill  be se t 
to the first ch aract er i n  th e  l ine .  

1 5 . 1 . 9 . Ski p  t o  ch aracter pa t tern 

The s pecificati on:  

= (stri ng expres sion> 

wil l c au se the cursor to advance until the string expres sion has be en 
ma tched i n  the input l i ne .  In that case , the cursor wil l b e  
positioned t o  the ch aract er after the ma tched string oc curance . If  it  
does  not oc cur in  the  remai ni ng part of  the  input line ,  the cursor is  
not moved . 

1 5 . 1 . 1 0 .  SKI P  specified character 

It is po ssible to  cause al l  oc curances of a charact er from the cur rent 
scanner position to be skipped , by specifying : 

-c ski p  any oc curances of the ch aract er w c n  
starting at the current scanner position 

Ski p ping of ch aract ers stops  when any character o ther th an w c ·  i s  
found . The fol lowi ng example would ge t a name , af t er ski pping lead i ng  
bl anks : 

ge t - , name ; 
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1 5 . 1 . 1 1 .  Term Cl as s  De l imited stri ng s pe cifications . 

I n  SPL you may specify that a string i s  to  be read consisti ng  of 
ch aracters that fi t ( or do not fit ) the rul es for certai n selected 
ty pes of terms . The specification is : 

(stri ng v ariabl e reference )=<test name )  
or 

<stri ng v ariabl e reference )l <testname >  

wher e = specifies al l characters  that f i t  the desi red t erm type , and # 
spe cifies only characters th at do NOT fi t the desi red t erm type . 

The fol low ing t erm ty pes are provided for <testname >  

DIG IT 
AL PH A  
ANCHR 
LABEL 

INUM 

STL IT 

only ch aracter 0 through 9 are ac cepted 
only letter s of th e al phabe t are ac cepted 
l e t ters or digi ts are ac cepted 
The f irst ch aracter must be a l e t ter , bu t 
any fol owing characters may be l e t ters or digi t s .  
ch aract er s  i n  a sequence mak i ng  a n  i nteger li teral 
are accept ed . Thi s includes l e ad i ng z eroes al lowi ng 
hexidecimal specifications. 
The f irst ch aracter must be ft. All ch aracters 
after th at until the next  ft are  incl uded . Two " 
c h aracters i n a row wil l be i ncluded and not 
end the str i ng .  

The t e s t  names a r e  actual ly the names o f  as sembly language 
subrou ti ne s ,  so you may wri te your  own tests  if desired . The rul es for 
such a subrou tine are : 

Only r 1 , r2 , and 
test  of a stri ng ,  
subrou tine wil l 
and must test the 
must be se t to  
z ero i f  i t  i s  not 

r3  may be use d . r3 wil l be se t to z ero for the firs t  
an d  may b e  used t o  count ch aract ers i f  desi red . The 
be cal led with a BL instruction for each ch aracter , 
ch aracter addres sed by er4 . Before r e turni ng ,  r 1  

ei ther OFFFF i f  the ch aract er i s  t o  b e  i ncluded , or 
to be i nCluded in the str i ng .  
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1 5 • 1 • 1 2 .  IF • • •  THEN • • •  ELSE 

SPL al so al lows co nd i tional formatting by letting you use the IF THEN 
ELSE l ogi c construct inside edit l i st s .  It is used in th e fol lowi ng  
manner : 

IF <integer expres sion> THEN <input edit term > 
[ ELSE <input edi t  term> ] 

To al low mor e than one edi t  term pe r  co nd i tion,  you may use {brace s } 
to co nt ai n  an i n put ed it l ist as i f  it  were a singl e input ed i t  term . 
An e x am p l e  of the use of this m ight be to  al low two di f ferent ty pes of 
"comma nd s "  to be i npu t to a program . One form might be : 

TEXT : 35 , HELLO 

to spe c i fy TEXT on l i ne 35 of a doc cument , and 

VALUE : 35 , 1 92 

to spe cify th at two values are to be read i n .  

The fol lowi ng GET s t a tement wil l d o  th i s  for you : 

GET CHD ' : ,  IF CHD= "TEXT" THEN {NR , S } ELSE { I , J } 

Thi s wil l  as sign NR  and S i f  the command i s  " TEXT" , and wil l  as sign I 
and J if i t i s  not.  
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15.2 . Out put Edi t Lists  

Ou t put edi ti ng bu i l ds a l i ne from s pecificati ons given i n  the  output 
edi t  l ist . The form of an output edi t  l i st i s : 

<ou t put  ed i t  term > [ , (ou tput edi t  term> ] 

Ther e  are sever al forms of ou tput edit  terms . 

15 . 2.1. Str i ng  d a ta expr es sions 

A s t ri ng  expres sion may be ou tput by using the form : 

<stri ng d a ta expr es sion> [ \ <integer length expression) ] 

I f  a l e ngth i s  s pe cif ied , only th at many ch aract ers of th e str i ng  
expr es s i o n  wi l l  be ou tput . I f  the str i ng  i s too smal l ,  i t  wi l l b e  
pad ded wi th bl anks . If  n o  l e ngth is  s pecified , th en the ent i re stri ng 
wil l be output . 

Whe n a fixed l ength field  i s  specified for a string , th e str i ng  i s  
norma l ly left- just i fied i n  that field . Left or right justi fica tion 
may be s pecifie d  by fol l owi ng the  \ c haract er wi th ( for left  
j us t i f i c a t i o n ,  and ) for right justi fica ti o n .  An exampl e ,  used for 
col umn h e ad i ngs , i s : 

P U T  " N AME " \ < 20 , " AMOU NT" \ )10 j 

15.2.2. Int eger d a ta expr es sions 

Int eger d a ta expres sions may as sume the fol lowi ng forms : 

<integer da ta expres sion) [ \ <integer length expres sion) ] 
or 

* (i nteger d a ta expres sion) [ \ <integer length expres sion) ] 

The l ead i ng  * specifies hexidecimal ou tput . If  i t  is not used , decimal 
form is used . If no length is specified , th en only the number of 
ch aracters  nece s sa ry  are used , fol l owed by one b l ank . If a length is 
s pe c i f i ed th e i n teger value i s  right- justi fied i n  a field  of the 
s pe c i f i ed s i z e .  Bl anks are used t o  f il l a decimal field , and zeros are 
used t o  f il l a hexidecimal  field . 

A n e x am pl e ,  as suming tha t I co ntai ns 1 0  and J co ntains  -1 , is : 

PU T I , J , *I , J\6 ; 

This wi l l  ou t put  the  text " 1 0 -1 O A  _ 1 " .  

- 4 4 -
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1 5 . 2 . 3 .  Real data expres sions 

Real val ued expres sions are output wi th the form : 

<re al d a ta expr > [ \ <integer siz e  expr > [ : <integer dp expr > ] ] 

If no f iel d wid th is  s pe cified , then  only the ne ces sa ry number of 
ch aract ers are used t o represent the value . If a fixed field size i s  
specified , then the val ue wil l b e  right- justi fied i n  th e fie l d  and 
l eft- padded wi th bl anks as ne ces sa ry . If the number of dec i ma l  places 
i s  not  spe cified , th en z ero dec imal pl aces wil l  be used . Scie nti fic 
no ta ti o n  wil l only be used if the number can not be expres sed any 
o ther way . A bl ank wil l fol low a real numeric field if no field  length 
is s pecified . If an i nteger d a ta expr es sion i s  used with a deci mal 
pl aces  s pe ci fica ti o n  th en the decimal point wil l be edited into the 
field  i n  that position arbi trarily . 

As  a n exampl e ,  if R= 1 . 23 4 56 the n : 

PUT R , R\4 , R\4 : 2 ; 

wil l ou t pu t  the text string ft 1 . 23 4 56 

1 5 . 2 . 4 . Tab to  sel ected column 

The term : 

I <i nteger d a ta expr ession> 

al lows  you to  specify wh at ch aract er posi tio n i n  the edit l i ne wil l be 
used by the fol lowi ng edit  term. Column positions are rela tiv e t o  the 
start of th e edit  l i st , no t to physi cal columns on the I/O dev ice , 
since i t  i s  possi bl e  wi th PUT to start another ftline ft  of ou tput on the 
same phy si cal l ine used by an e arlier PUT :  statement .  

1 5 . 2 . 5 .  Ski p  col umns 

The spe c i f i ca ti o n :  

\ <i n t eger spe Cifica tion> 

wil l  cause the desi red number of col umns , + or - ,  to be ski p pe d ove r ,  
and t h e  ou t put column poi n t er repositioned . If th is wou l d  po si t i o n  i t  
beyond th e start or end of the ed it  l i ne , then the col umn poin ter i s  
po siti o ne d  a t  th at  end . 
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1 5 . 2 . 6 . Har k pr ese nt col umn position 

The t erm : 

? <i nteger addres s expr es sion> 

al lows y ou 
vari able , 
st a tement . 

out put : 

to save the cur rent edit 
in  the same way that 
Thi s  can be used t o  l i ne 

PUT NAME $ , "  " , ?N POS, ADRSO j 
PU T IN POS , ADRS1 ; 
PUT IN POS , PHON E_NUHBER ; 

so th at  the resul t m igh t l ook like : 

cursor po sition i n  an integer 
such a term is used by the GET 
up i nforma ti on wi th fr ee form 

HARK HAHMER SCHL ING ER 1 23 4 W. 6 th S t .  
Eureka , ZZ  9 990 0 
( 6 02 ) 21 9- 4 5 45 

1 5 . 2 . 7 .  IF • • •  THEN . • •  ELSE 

The PUT st a tement al so al lows you to use the IF THEN ELSE l ogi c 
const ruct  to  prov ide v ariable forma t t i ng ,  in  an i dent i cal manner as 
used by GET.  The forma t i s :  

IF < i nteger expr es sion> THEN <ou t put edit  term> 
[ ELSE <ou t put edit  term > ]  

You m ay use { <ou t put edit l ist > } to al low mor e th an one term t o  be 
used wi th THEN or ELSE.  

An e x am p l e  of th i s  m ight be : 

PUT N A ME \ 1 4 , IF CREDIT:BAD THEN " p i ck u p  card"  ELSE L I MIT\1 : 2 ; 

cou l d  pri n t  ou t l i ne s  l ike : 

A R TH UR J .  JAY 
BORG ALLIS ON 
BL A C K  PETE 
MIC K EY MOU SE 

1 00 0 . 0 0  
50 0 . 0 0  

p ick  u p  card 
50 00 . 0 0 
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1 6 .  DIRECT FILE INPUT I OUTPUT 

Disk fil es may be acces sed using GET and PUT for text fil es ,  and READ ,  
WRITE, and SEEK for direct acces s files , by first opening the fil e .  
OPEN l oc a tes the f il e  o n  the di sk and prepares pointers and buffers i n  
memory for u se with the file.  

An i nteger variable i s  used as  an addres s pointer to  thi s  - file  
buffer- are a  of memory . The OPEN sta tement assigns a val ue to th is  
i nteger fil e vari able ,  and th at val ue should not  be  ch anged until  
af ter the f il e  i s  CLOSED. 

Cl osing a f il e for ces any data in  the bu ffer ou t to th e f il e  and 
r elease s  the bu ffer space to free memory for other use .  You must cl ose 
al l fil es th at y ou  use befor e ENDing a p rogram . SPL wi l l  NOT cl ose 
th em for you . 

1 6 . 1 . The OPEN Sta tement 

The sy nt ax of the OPEN statement is : 

OPEN < i nt eger ad dress expres sion> 
FOR <str i ng fil e name expres sion> 
{ INPUT I OUTPU T  : DIRECT } 
[ \ <error ad dres s expres sion> ; 

INPUT speci fies  a text input fil e to be used with GET. OUTPUT  
specif ie s  a te xt  ou tput f il e  to  be  used  wi th PU T.  DIRECT specifie s a 
bi nary fil e used wi th READ , WRITE, and SEEK .  

1 6 . 2 .  The CLOSE Sta tement 

CLOSE <int eger addr es s expr es sio n> 
[ \ <er ror ad dres s expr es sio n> ] ; 

I f  no erro r  addres s i s  s pec i f ie d , th en CLOSE wil l ignor e  the error . 
Thi s  i s  do ne so th at al l fil es may be c l osed , even i f  one CLOSE 
sta teme nt has an error . 

As a n  exampl e  t o  read l i ne s  of tex t from th e file "HYDATA" and print 
them o n  the conso l e ,  until the end o f  fil e ,  you m ight use the program : 

PROGRAM type ; 
POIN TER i ;  STRING s ;  
type : OPEN i FOR "MYDA TA "  IN PUT ; 
l oop : GET ( i \do ne ) s ;  

PUT s ;  
GOTO loop ; 

done : CLOSE i ;  
END . 

The keywords a p pe ar in  uppercase  and ident i f i e r s  i n  l ower cas e  for 
clari ty . Thi s i s  not requi red . 
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c-



i] 

)] 

!] 
!] 

j 
U 
I J  

SPL 1 . 3 0  User ' s  Manual 

1 6 . 3 .  The R E AD and W R ITE sta tements 

Bina ry f il e  I/O is pe rformed by us ing the READ and WRITE s t a teme nts . A 
buf fer space sufficient to hold al l of the sect ors  read or writ ten at  
one t i me must be provided . The buffe r  wil l co ntai n the exact d ata 
th at i s  o n  the d i sk .  No forma t ting or other ch anges to the data wil l 
be made by READ or WRITE. POinter variabl es and structures may be used 
to acces s  d a ta co ntai ned in the bu ffer.  Di sk I/O bu ffers may be 
ALLOCATEd and u sed th rough a pointer variabl e in the READ or WRITE 
sta temen t . 

The forma t  of a READ or WRITE statement is : 

READ <fi l e  r eference > <buffer ad dres s reference>  
[ , < i nt eger se ctor count expression> ] ; 

W RITE  <fi l e  reference > <buf fer ad dres s reference > 
[ , < i nt eger sec t or count expr es sion> ] j 

Whe r e  < f i l e  refe r ence > i s :  

( < fi l e  i denti fier variable  reference > 
[ \ <error or EOF branch ad dr es s expr es sion> ] ) 

A fil e  i nd e n t ifier variable i s  a poi nter variabl e th at is used by SPL 
to rela t e  the i nformation contai ned in the OPEN s t a tement to the READ 
and WRITE subrou tine s .  

As  a n  example o f  di rect disk I / O ,  the fol lowi ng  program wil l copy 
informa t i o n  from FILE1  to FILE2 . 

PROGRAM di rectcopY i 
STR ING name 1 "FILE1 " ,  name2 "FILE2 " j 
POINTER from fil e ,  to fil e ;  
INTEGER se c t or bu f fer ( 128 ) ; 

d irectcopy : 
OPEN from fil e FOR name 1 DIR ECT ; 
OPEN tofil e  FOR name2 DIRECT ; 
l oop : READ ( from fil e \do ne ) se c t or bu f fer ;  

WRITE ( tofil e )  sect orbu f fer j 
G OTO l oop ; 

done : CLOSE fromfil e j  CLOSE tof il e ; 
END. 
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1 6 . � . The SEEK s ta tement 

The se ek s t a tement al lows you to position a f il e  to any desi red sector 
for th e next  READ or WRITE. Sectors are numbered starting wi th O .  The 
format is : 

SEEK ( <file r eference > ) <integer sector expres sion> 

The statement : 

SEEK ( fi l e \error ) 2 5 ; 

Tel ls the operati ng syst em to se ek t o  the 25 th sect or of FILE , and i f  
an error oc curs , to GO  TO ERROR . 

1 6 . 5 . CR EATE files 

To create a fil e ,  use : 

CREATE <string expression for fil e  name >  
[ , <integer expr es sion for fil e siz e i n  sect ors > ] 
[ \ <error ad dres s> ] 

I f  no l ength i s  spe cified , the file size  wil l be de termi ned by the 
operating system in use . Under MDEX , a defau l t  f il e  size wil l  be 
as signe d . Under NOS , the fil e  wil l be aut oma ti cal ly created as i t  i s  
wri t ten . I f  the file  already exi sts , th e error exi t  wil l be take n .  

1 6 . 6 .  DELETE fil e 

To d e l e te a fil e ,  use : 

DELETE <stri ng expres sion for fil e name >  
[ \ <error ad dres s>  ] ; 

( . .. . . ;. 
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1 6 .7 . R EN AME  f i l e  

To r ename a f il e ,  use :  

RENAME <stri ng e xpr for old fil e name >  TO 
<stri ng e xpr for new file name >  
[ \ <er ror addres s>  ] ; 

exampl e : R EN AME "mas ter" TO "mbackup" ; 

1 6 .8. Fil e Size Fun c tion FSIZE 

The fun c ti o n  FSIZE wil l  return the number of sec t ors al loc a ted to a 
s pe c i f ied fil e . The argu ment is  a string expres sion specify ing the 
f il e name . A s  an e x am pl e : 

NSEC= FS I Z E ( " temp2 $ " ) 

wil l pl ace th e numbr of sec t or s  al loca ted t o  f il e  TEMP2$ i nto  the 
i nt eger variable  NSEC . 

1 6 .9 . Error Hand l i ng wi th SPL 

I f  a fil e 1/0 er ror oc curs , and an addres s for handling the error is 
not specifie d  by the fil e 1/0 statement , then and e rror mes sage i s  
g e n e r a t e d  and t h e  program termina tes . The exception t o  th i s  i s  CLOSE . 
If th ere i s  an error cl osing the file and no error ad dres s is  
spe c i f ied , the n  the  error i s  ignor ed .  Thi s  i s  because several fil es  
may be cl o se d at  the  end of the  program .  An error c l osing o ne f il e  
shou l d not pr ev e n t  the program from try ing t o  cl ose the other fil es . 

I n  your error handli ng routine s , you may use the func tio n  IOSTAT to 
ge t th e error s t a tus  code . Thi s i n t eger value i s  i d enti cal in me aning 
to the er ror cod e s  specified i n  the Termina tion error mes sages . The 
f i r s t  two d i git s  of the error code specify th e ty pe of s t a tement th a t  
w as e x e c ut i ng when t h e  error was de tect ed . The next  two digi ts 
s pe c i fy th e O pe r ati ng Sy stem er ror code th at i ni t i a ted the  error 
res po n se . The se codes a re spec i f ied i n  the ap propria te ope r a t i ng 
sy s t em manual . Some of th e mor e common  codes  are l ist ed o n  the nex t  
page . 
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I I I ER ROR CODES RETURNED IN IOSTAT and ER ROR MESSAGES 

o 

1 
2 
3 
4 
5 
6 
7 
8 

no error from sy st em - used t o  ind i ca te 
actual wri te  length < desi red write  length . 
end of fil e  
Unr ecoverabl e devi ce error 
file not found 
bad file i ndex 
bad fil e name sy ntax 
bad 8ubfunction ( probably an SPL bug ) 
file not execut abl e ( on a Link sta tement ) 
too may fil es open 

1 2  
1 3  
1 8  

Not enought room on di sk for create 
No room in di rectory for create 
Fil e  alr eady exi sts - can' t create 

The sta tement ty pe codes are as fol lows : 

0 1 xx Direct Read 
02xx Direct Wri t e  
0 3 xx  Direct Seek 
04xx D irect Open 
05 xx Text Out put Ope n  
06 xx Put Text Wri te  
07 xx Text Inpu t Open 
0 8xx G et Inpu t Read 
09xx D i rect Close 
O Axx Text Cl ose 
O BO O  No Memory for Buffer Al l oc a te ( See ALLOCA TE command ) 
OCxx C re a te fil e error 
ODxx Delete fil e error 
O Exx R ename f il e  error 
O EO O  Rename - driv es not the same 
OFxx Size  fil e FUNCT ION error on directory read 

A s  an example ,  error 0 80 1  is an end of fil e whil e readi ng a t ext  
w ith a GET  statement . 
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1 7 . DATA ORG AN I Z ATION TOOLS 

SPL prov i des sever al  sta tements th at al low data to be organized in  a 
v ariety of way s .  

1 7 . 1 . Str u ctures 

A structure is a dum� map of an area of memory that describes th e 
rel a ti o nsh ips  be tween dif ferent ty pe s of data .  This map may be pl aced 
anywhere in memory because the start of the stru cture is tr eated l ike 
a po i n t er variabl e .  

A s  a simpl e exampl e ,  consider : 

P O I N T ER MAP ; 
STRUCTU R E  ( MA P ) I 0 ,  J 2 ,  K 4 ,  REAL A 6 ,  B 1 4 ;  

Now if  you say MA P =1000 then whenever y ou use any of the va ri abl es i n  
the  s tru c tu r e , they wil l mean the l oc a ti on  rela tive t o  1 0 00 indi cated 
by thei r po si tion  in the structure .  

I i s  a t  10 00 , J is  at  1 0 02 ,  and K i s  a t  1 0 04 
A i s  t h e  real number at 1 0 06 ,  and 
B is th e real number at 1 0 1 4 . 

I f  you t h e n  say MA P=20 00 then 

I i s  a t  2000 , J is a t  2002 , and K i s  at 2004 
A i s  t h e  real number at 20 06 , and 
B i s  t h e  real number at 20 1 4 .  

S tru c tur es are very powerful ,  becau se th ey le t y ou tr eat d a ta i n  
memory i n  d i fferent way s .  You might stor e  d a ta o n  a d i sk as  a n  a rray 
of i n t eger s to spe ed up I/ O ,  bu t work with it in your program with a 
s t ru c tu r e . And you can de term i ne di f ferent ty pes of records wi th one 
stru c tur e ,  and then start referencing the data by a stru cture that  i s  
a p propr i a te t o  th at record type . 

The forma t of a stru cture sta tement is : 

S TRUCTU R E  ( < pointer ad dres s expres sion> ) 
< s t ru ctur e  term> [ , < s t ru c ture term >  ] 

w h e r e  a s tru c tu r e term 1s : 

[ I N T EG ER : DOUBLE : BYTE : REAL : STR ING ] 
< i de n t i fier > < i nt eger l i teral > 
[ , < i d e n t i fier > [ ( < i nt eger li teral > ) ] ] 
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If you use an i nd i rect reference wi th a stru cture variabl e , then the 
d a ta i n  the  stru cture wil l be treated as a pointer to the actual data .  
A s  a n  exam pl e : 

POINTER MAP ; 
STRUCTU R E  (MAP ) I 0 ,  J 2 ,  BPTR 3 ;  

B PTR= adr ( A ) ; 
I= @BPTR ; 

I wil l co ntai n the da ta that was stored in A .  

Use o f  stru cture e l ements a s  pOi nters  should n o t  be mixed wi th disk 
I / O ,  as the data th at wou l d  be stored o n  the d i sk i s  the addres s  of 
th a t  d a ta a t  the ti me the file  was wri t ten , and not the da ta itsel f. 
It  is accep t able to use pointer s to assign data to structure  elements : 

POINTER MAP , BPTR ; 
STRUCTU R E  ( MAP ) I 0 ,  J 2 ,  K 4 ; 

. INTEGER A j  

B PTR = ad r ( A ) ; 
I = @BPTR ; 

Not e th e d i f fer ence : BPTR i s  not wi th in the stru cture .  Thi s 
res tricti o n  only appl ies  when using s tructures to mani pul a te d i sk d a ta 
records . 

An ana l ogous situa ti o n  oc curs with strings .  Since string vari abl es 
actual ly s t or e  a poin t er ad dres s  of a string da ta bu ffer , strings 
w i th in a stru ctur e must be handl ed d i f ferently th an normal i f  the 
stru c tur e refers to a d i sk data record : 

POINTER DBFR ; 
STRUCTURE ( DBFR ) I 0 ,  J 2 ,  BYTE NAME 4 ;  

To s tor e a string with i n the structure starti ng  at  NAME , use the form 
of PUT th a t  al lows addres s specification : 

PUT TO ( NAME , NAMESIZ E ) " st r i ng  d ata" ; 

Thi s  s i tua ti o n  wil l be c l e ared u p  in a future rele ase of SPL . 

. .  � .... 
. }. 
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1 7 . 2 .  Buffer Al oc a te and Release 

SPL al lows you to  dynamical ly co ntrol memory usage . By using poin t er 
v ari abl es and stru ctures , you can al loca te a buf fer of memory space , 
and rel e ase i t  for other use when i t  is  no  l onger needed . The forma t 
of the ALLOCA TE sta tement is : 

ALLOCA TE <pointer ad dres s expr> , <i nteger by te  count expr> 
[ \ <execut abl e addres s expr es sion> ] i 

The release sta tement is : 

REL E AS E  <pointer ad dres s expres sion> ; 

As an exampl e ,  th e fol lowi ng program wil l al loc a te a bu ffer and use i t  
for saving a l ine of input text : 

FROO RAM bu ffers ; 
POINTER bptr j 
bu ffers : 
ALLOC A TE bptr , 80 ;  
G ET @bptr j 
PUT @bp t r ; 
REL E ASE bptr ; 
END . 

Use th e pointer variabl e as a normal integer for - al location and 
rele ase of bu ffer s ,  and as an i nd irect addres s  to access  the da ta in 
the buffe r .  

Normal ly , if  th ere i s  no memory to al loc a te a bu f fe r ,  an error message 
1s generated . However , you may specify a pl ace in  you r program to 
h and l e  th i s  cond i t i o n. An exampl e  is : 

ALLOCA TE bptr , 80 \nomemory ; 

nomemory : % come here if no memory to al loca te % 
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1 7 . 3 . Queues 

A QUEUE is  a linked lbt of buffers th at are usual ly se t  up using . 
ALLOCATE and RELEASE. There 1s a se t of pointers  t o  the first and last 
buf fe r ,  cal led a queue head ,  th at is dec l ared like a type of variable ,  
using the QUEUE sta tement : 

QUEUE <queue name >  [ , <queue name > ] • • • ; 

Once defined , th e QUEUE variable may be used with the statements 
QIN8ERT , QPUSH , and QREHOVE.  

The Q IN SERT statement pl aces a bu ffer at the end of the linked list . 
Thi s  i s  appropriate for using a queue as a FIFO buffer l ist . I ts form 
1s : 

QINSERT < point er variable expr es sion> IN <queue v ari abl e >  ; 

The Q PUSH sta tement pl aces a buffer at the start of the  l ink ed l i st . 
Thi s i s  ap propri ate for using a queue as a F ILO bu f fer l ist , or a 
stack of bu ffers . I ts form is : 

Q PUSH < po i n t er variabl e expr es sion> TO < queue vari abl e )  

The QREMOV E s t atement r emoves the first  buffer  from th e queue and 
pl aces i ts  ad dres s into the deS igna ted pointer variabl e .  The format 
of the remove sta tement is : 

QREHOVE <pointer var expr > FROM <queue variabl e >  \ <empty adrs > ; 

If  there are no buffers in  th e queue ,  th e  program wil l GO TO the 
specified <empty addres s > . 

The first two words of any bu ffer u sed wi th a Queue must be r eserved 
for l i nked l i st  pointer s .  The first  wor d  pOints  to the ad dres s of the 
previous bu ffer i n  the l ist , and the seco nd word  points to  the ad dres s 
of the next  bu ffer i n  the l ist . 
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1 7 . 4 . Lis t s  

SPL prov ides sta tements for proces si ng list s  o f  di s si mil ar i t ems by 
stor i ng  the ad dr es s of each i t em ,  and a cursor that sel ects  wh ich item 
sh al l be  proces se d  next . Lists are co nsidered an organiz ation of 
pointer variabl es . 

The sta teme nts used wi th list s are : 

POINTER to spe cify th e l ist 
L IST to l oad the entries i nto the l ist 
APPEND to ad d mor e entries  to a l ist 
NEXT to scan the i t ems in a l ist 
START to restart the scan at the begi nning of  a l ist 

1 7 . 4 . 1 . Spe cify i ng a List 

To decl are a l i st , decl are a 
sufficient ro om for al l th e 
overhead . An example i s :  

pOinter variable tabl e co ntai ni ng 
i t ems i n  the list  plus three words of 

POINTER names ( 3 3 )  % 30  i t ems + 3 overhe ad J 

1 7 . 4 . 2 .  Loa d i ng  D ata i nto a L ist 

A l is t  is se t up wi th the LIST sta tement , which is execut abl e.  Thi s  
sta teme nt  as signs the val ues of ad dress expres sions t o  l ist entrie s . 
Its  format i s : 

LIST < li st  name> = <adr expr > [ ,  <adr expr ) ] 

An exampl e ,  us ing the above decl ared l ist NAMES, is : 

L IST names= a , b , @c , @ ( d+20 ) , @ ( OCOOO ) ;  

You may ap pe nd addres ses to the end of a list to  bu ild a l ist 
dy nam ical ly ,  as when buffers are al located and then stored in a l ist , 
wi th the appe nd sta tement :  

APPEND <ad dres s expr > TO < list variable  adrs expr ) i 

An example of the use of appe nd wi th the above l ist is : 

ALLOCA TE pt r , 1 024 ; 
APPEND pt r TO names ; 
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1 7 . 4 . 3 . Scanning a List 

Once a l i st has been create d ,  the NEXT statement 1s used to 
sequent i al ly acces s  elements from the l ist : 

NEXT <pointer adrs expr ) = < list adrs expr ) 
[ \ <end of l i st branch addres s) ] 

An example i s :  

NEXT ptr= names\al ldone ; 

I f  the end of list  branch addres s is  ommi t ted , th e NEXT statement wil l 
aut oma tical ly start  the l i st scan over u po n  reaching the end of th e 
l i st . If the end of l i st exi t i s  take n ,  the next l i st access using 
NEXT wil l acces s the first entry in the l i st . 

Some times y ou wil l wish to start proces sing a l ist from the start , 
eve n  though you h ave not fini shed the l i st . You can do th is wi th the 
START sta tement : 

START <list  adrs expr ) ; 

As an example of using a l ist , the fol lowing p rogram wil l read a l ine 
from the console , and search a list- for a string th at ma tches , and 
return the subroutine ad dres s that rela tes to the ma tched name : 

program listdemo ; 
poi n t er ptr , names ( 1 1 ) ;  
str i ng  n 1  " l i ne " ,  n2 " circl e " , n3 " box" , n4 "hel p " ; 
stri ng line ; 

listdemo : J fi rst  se t up the l i st S 
list  names = nl , subr l , n2 ,- subr2 , n3 , subr3 , n4 , subr4 ; 

doit : S now ge t a " command" to l ook u p  J 
get l i ne ;  
st art l ist ; 

try ne xt : 
next  ptr= names\notfound ; 
if line = @$ptr then found 
next ptr = names S sk ip associa ted s ubr entry % 
goto try ne xt ; 

n o t found : 

put "Wha t? " ; go to doi t ; 
found : ne xt pt r = names ; % ge t a s socia ted subrou tine S 

cal l @pt r ; S perform the subrou tine S 

end . 
go t o  doi t ; S go g e t  next  command J 

In the above exampl e ,  subr l , subr2 , su br3 , and subr4 , ar e  assumed t o  
be subrou t i ne s  th at proces s the i nd i ca ted commands , and must  be 
defined i n  a different program modul e .  
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1 7 . 5 .  S ta cks 

SPL al lows  you to h ave First In I First Out data stacks in a 
high- level  langu age . You may decl are as many named stacks as memory 
wil l hol d . By using the POSH and POP statements to enter and r emove 
data from the stacks , recursion, re-entrant code , and mul ti- level 
co- rou t i ne program i ng  becomes possible.  

Stacks are specified wi th the  non-executabl� statement STACK : 

STACK < id en t i fie r >  ( < integer by te count > ) 
[ , <identifie r >  ( < integer by te count > ) ] • • •  

Specify the t otal number of by tes of d a ta that may be stored o n  the 
sta c k .  I nt egers take 2 by tes , pointer s  take 2 by tes i n  the present  
rel e ase , bu t wi l l  requi re 4 by tes in  futUr e rele ases . Real val ues 
require 8 by tes each . 

Data may be pushed t o  stacks wi th : 

PUSH « stack i dent i fier » <vari abl e addres s  list > ;  

and r emoved from a stack wi th : 

POP « stack identi fier » <variable addres s list > ;  

A s  an exampl e ,  a recursiv e subrouti ne ne eds a data works pace for e ach 
ne s t ed l evel  of cal l .  The works pace may be referenced from a 
stru c tur e ,  and the bu f fer ad dres s pushed t o  a stack e ach time the 
rou tine is cal led . 

Subrou tine r ecurs ; 
pointer workarea ; 
s tack was tack ( 1 00 ) ;  
s t ructur e ( wor k area ) • • • • • • • • • • • • •  ; 
i nteger was i z e  2 5 6  ; � ne eded workarea size i n  by tes J 

recurs : push ( wasta ck ) workarea ; 
a l l oc a te wor k area , wasize ; 

rel e as e  workarea ; 
pop ( was tack ) workarea ; 
e nd . 
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1 8 .  SUBROOTINES 

If every part of a program had to exist in one text file and be 
compil ed a t  one time , programs woul d often grow unmanageably large . 
Also , variable names might often be used in different places in 
different and incompa table ways.  

Subrou tine s  sol ve this problem . You may write your program in smal ler, 
easy to edi t  pieces , and t es t  each part seperately . You can buil d a 
library of common subroutines th at only need be LINKed into your 
program for use . 

A subrouti ne has the general organiz ati o n :  

Opt i o ns sta tements , i f  any 
The SUBROUTINE statement 
. . . . . . . . 
SPL s t a tements 
. . . . . . . .  
END . 

The SUB R OUTINE statement has the fol lOWi ng form : 

SUBR OU TINE <identi fier >  [ <parame ter l i st >  ] j 

where the parameter list is : 

( <variable identi fie r >  [ , <variable identi fier> ] ) 

The identi fier that fol lows the SUBROUTINE keyword is  the name of the 
subrou ti ne , and i s  also the sta tement l abel of the first statement to 
be executed .  Such a sta tement label is cal led an ENTRY . A subroutine 
may have several entry label s ,  if you def ine any extra entry labels  
wi th the ENTRY sta tement : 

ENTRY <i denti fier> [ <param ter list > ] ; 

Parame ter s are "dummy " variables th at are s pecified each time the 
subrouti ne Is  CALI�ed . They mus t  be s pecified inside the subrou tine 
wi th the appropri ate type s tatement , bu t no data may be specified i n  
the subrou ti ne ' s  type sta tements for those variabl es .  

ENTRY sta tements are pl aced a t the l oca tion where th at ENTRY code 
starts . They are "ski p ped " by in- l i ne code . If the pa rameters for an 
entry are the same as for the subrou tine , they need not be l i st ed . 
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A main program or anoth er subrouti ne may CALL a subrouti ne to cause i t  
to b e  execut ed . The forma t of the CALL st a tement is : 

CAL L <subrou tine entry adrs expr ) [ <cal l parameter list ) ] • • •  

where the cal l pa rameter l ist is : 

( <parameter )  [ • <parame ter ) ] • • •  ) 

and e ach parame ter may be : 

an  addres s expres sion or 
a l i t eral of the cor rect type 

Al so ,  su brou tine s  may use v ari ables th at are def ined e x t ernal ly us ing 
• • See th e descri pt i o n  of INTEGER , REAL , and STRING sta tements for 
mor e i nforma tion.  

As  an ex ample  of a subrou tine ' s  usage : 

SUBR OU TINE mes sage ( query , an swer ) ;  
STRING querY , answer ; 
STR ING defaul t "none " ; 
mes sage : 

PUT : query ; 
GET answer ; 
IF L EN ( answer ) =O THEN answer=defau l t ;  

END . 

The main program th at might use this i s : 

PR OORAM mai n ;  
STRING name , ad rs 1 , adrs2 , pho ne ; 

mai n :  
CALL me s sage ( "What is  your  name? " , name ) ; 
CALL mes sage ( "W hat  i s  your street ad dres s?" , adrs 1 ) ;  
CALL mes sage ( " City , Sta te ,  and Z ip cod e ? " , adrs2 ) ; 
CALL mes sage ( "Wha t i s  you r  pho ne number? " , pho ne ) ;  
• . . • • . . . J use the informa tion j us t  entered J 
END .  

Not e th a t  the subrou tine returns t o  the CALLing program when the 
sub rou ti ne ' s  END . sta tement is execut ed . 

-60-



il 

I I  

fl 
n 
I] 

u 

u 
I J  

I J  

SPL 1 . 30  Use r ' s  Manual 

1 8 . 1 . Assembly Language Subrou tine s  

SPL can cal l subrou ti ne s  wri t ten i n  as sembly language i f certai n rul es 
are fol l owed . First , certai n r egisters h ave specified  uses in SPL , and 
ei ther mus t  not be changed , or they

'
must have their values r estored o n  

return . 

The CALL s t a tement generates the code : 

mov 
mov 

r8 , *r9+ 
r9 , r7 

save old parame ter pointer 
save new parame ter poin ter 

<parame ter ad dres se s  are pushed t o  the R9  stack> 

bl subroutine cal l  the subrou ti ne 

At the subroutine entry ad dres s ,  the fol lowi ng code must exist : 

j mp 
subname mov 

mov 

$+6 
rl 1 , *r9+ 
r7 , r8 

( if mul tiple entry point ) 
save return addres s  
R8  now references parame ter ad dres s l i st 

<subrou tine code . R8 , R9 must not be changed )  
< R l 0 i s  a u tility stack , an d  may b e  used i f  

i t  i s  restored before the subroutine end s >  

b 81bl t$ exi t the subroutine . 
'S.b r+� 

T o  u s e  pa rameters , you shoul d  define equa tes for each parame ter . The 
SUB R OU TINE statement : 

SUBR OU TINE al pha( a , b , c , d , e ) j 

wil l generate the code : 

a equ 0 
b equ 2 
c equ 4 
d equ 6 
e equ 8 

si nce e ach pa rame ter ad dres s takes two by tes . To reference the ad dres s 
o f  a param e t er , use the EQU label as an i nd e xed R8 reference : 

mov d ( r8 ) , rO  Get D ad dres 'l 
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To ge t the actual variabl e data ,  an i ndirect reference must be made : 

mov D ( r6 ) , rO  
mov ·rO , rO  D data now in rO 

A subrou tine may use 
changi ng regi sters ,  as 
subrouti ne ' s  execution.  

BL or 
they 

BLWP instructions wi thout co ncern for 
are not in use during a CALLed 

The fol l owing code sequence wil l tel l you how may parame ter s h ave been 
suppl ied by the CALL state�ent : 

mov r9 , rO  
dect rO 
s r8 , rO 
srl rO , l  

The number of parameter addres ses is now in rO o 

Since SPL uses the same variable names in  the generated code as i n  
SPL , external ly defined variables may b e  referenced using the l i nk  
edi t or .  Vari ables def ined in the as sembly code shoul d  h ave thei r label 
fol lowed by an . : 

xref. data 0 1 23 4  

Any unde f ined l abel i n  as sembly code aut oma tical ly generates an 
external reference for the LINK editor to resol ve . 
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1 8 . 2 . CODE modul es 

It  m ay be desi reabl e to break your mai n program into smal ler pieces 
th a t  do not ne ed the overhe ad of parame ter pas sing s tructures and the 
cal l statement . If you wish to write sections of code th at are reached 
by GOTO or DO sta tements only . then you may compile them in a CODE 
modul e .  its form is : 

CODE <mod ule  name > ;  

spl sta tements 

END . 

You shou l d  decl are any label s that you wish to go to or do wi th an - , 
as descri bed in the appropri ate section of th is manual . All variables 
that are t o  be sh ared be tween the code modul e and the mai n program 
shou l d  al so be def ined using - for l ocal and e xternal defini tio ns .  Any 
vari ables def ined  i n  the code modul e and not specified with an - wil l 
be l ocal to the code modul e  and not avail able to  external code or 
program modules . 
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1 9 .  Pre l i minary Informa tion on Future Releases of SPL 

SPL i s  a growi ng  l anguage . I t  h as  been pl anned out to a much larger 
extent th an the current impl ementati on.  The fol lowing i nformation is  
prov ided so that y ou may se e  in  what directi o n  future rele ases wil l be 
movi ng .  Since it i s  prelimina ry ,  al l  information co ntai ned in this  
section is  sub j ect  t o  change . 

1 9 . 1 . Fea tures to be i mpl emented in SPL 1 . 40 

The fol lowing features are expected to be impl emented in r elease 1 . 40 
of SPL : 

1 9 . 1 . 1 . Virtual Di sk F i l e  Read /Wri te/Seek 

D i sk fil e access specif ied by a by te position in  the f il e ,  with any 
number of by tes per record . 

1 9 . 1. 2 . TEXT Variabl es 

SPL string v ari abl es are dynam ical ly al loca ted text buf fers . Whi l e  
th i s  co nse rves memory , there are instances where i t  creates problems , 
as i n  d i sk buffer stru ctures . TEXT variabl es wi l l  be non-dynamic 
stri ngs wi th a s pecif ied maximum Si z e ,  th at wil l work cor rectly , ( and 
qui ckly ) ,  wi th i n  di sk buf fers and structures . 

1 9 . 1 . 3 . DO WHILE and DO U NTIL 

The DO programing co nstru ct wil l be expanded t o  al low the stru ctured 
forms WHILE and UNTIL . 

1 9 . 1 . 4 . AVMEM fun c tion  

The AVMEM functio n wil l return the  by te size of  the  larges t  b l oc k  of 
memory cur rently avail abl e for al location.  

1 9 . 1 . 5 .  QUEUE operations 

The Q UEUE operations wil l be mod i f ied t o  al low scaning forward and 
backw ard through the queue and perform i ng  i n se r t ions,  del e ti ons , and 
re- a r angem e n t s  of bu ffers not at the start or end of the queue . 

1 9 . 1 . 6 .  LIST operations 

List ope rations wi l l  be expanded t o  i nc l ude random ac ces s wi th i n  a 
l i s t , random repositio ning of the l ist cursor , sub-li st s ,  and ty pe 
( INTEGER , POINTER ,  STR ING , etc ) te sting of l i st elements . 

-611-



)] 
I] 

u 
!] 

SPL 1 . 30  User ' s  Hanual 

1 9 . 2 .  Fea tures to be impl emented in SPL 2 . 0 

1 9 . 2 . 1 . Array s  and Subscri pt ing 

1 9 . 2 . 1 . 1 . introduction 

An array is a col l ecti on  of rela ted da ta i t ems of the same ty pe . Each 
array has a sing l e  name , and may have mor e th an one v a riabl e in i t .  
The siz e  of a n  array is  the t otal number o f  ind iv idual variabl es 
stor ed i n  i t .  

Pi ctur e an array of three integers ,  cal led A .  I t  m ight l ook like this 
i n  memory : 

23 4 -98 4 5  

You may refer to a specific e l ement ( variabl e ) in an array b y  using a 
sub script . Thi s  i s  an expres sion that specifies  wh ich element of the 
array you wish to  use . 

In the example abov e , A ( 1 )  is a va riable that currently has the value 
23 4 stor ed in  i t .  A ( 2 ) hold s  -98 , and A ( 3 )  contai ns 4 5 . 

Subscri pt s are wri t ten by enteri ng the array name and then the 
charact er ( fol lowed by an expr es sion ind i ca ti ng which element y ou 
w ish to use , and then end i ng  the subscript wi th the ch aract er ) .  

For exampl e ,  you may write  A ( NR )  wh ich me ans th at the current value of 
the v ariabl e NR shou l d  be used to  pick out which element of array A 
th at y ou wish to use . If NR co ntai ns the value 2 ,  th en A ( NR ) refers t o  
A ( 2 ) . 

1 9 . 2 . 1 . 2 . Mul ti-d ime nsional Arr ay s  

Array s  may al so b e  organ i z ed i n t o  row s and columns .  For exampl e ,  the 
array B shown bel ow has 3 rows of four columns each . The siz e  of B i s  
1 2 ,  si nce there are 1 2  elements i n  i t .  

1 23 
- 1 0 00 

4 

61 
300 

o 

- 8  
9 82  

o 

321 61 
- 1 1 
1 23 

To s pecify wh ich element of such an array you mean , you giv e the 
subsCript for the desi red colum n ,  and th e n  the sub scri pt for the 
desi red row , seperated by a sem i co l on ,  su ch a s  n ( X ; Y ) . For exam pl e ,  
B(2 ; 3 ) has the v a l ue 0 ,  B( 3; 2 ) has the v a l ue 982 , and B ( l ; 1 )  has the 
value 1 23 .  

An array such as  A i s cal led a si ngl e d i me nsion array . B is a n  exampl e 
of a two d i me nsion a rray . I n  gene r a l , the number of subscri pt values 
th at mu st  be s pe c i f ied to pi ck  ou t a singl e element  i s  the  number of 
dimensions an array has . 

-6 5-

( 

( 



i] 

1 1  LJ ( 
U 
I j' 
i 

,, ] 

' i  , I , I ; , 
i ___ . , 

u 
u 

SPL 1 . 3 0  Oser' 8 Manual 

Array s  may h ave as many dimensions as you des i re. A three dime nsional 
array may be used , and you might wish to think of it as conSisting of 
rows , col umns,  and pages . 

Array s wi th mor e th an th ree dimensions are not often used , perhap s  
because i t  i s  harder for peopl e  t o  oo ncei ve o f  them. You might 
consider a four dime nsional array to be made of rows , columns , pages , 
and books . 

1 9 . 2 . 1 . 3 .  Specifioations of several elements 

In SPL ,  you may specify more than one element of an array at one time .  
The r e  are several way s th at th is can be done . You might list the 
subs cri pt s of e ach element y ou wish to use , specify a range of 
subscri pt s  th at you wi sh to  use , or spe cify a starting 8ubscri pt and 
how many el ements th at are to be used . 

1 9 . 2 . 1 . 4 .  Specifying by list 

To s pecify elements by l ist , you include the subscript of each element 
i n  order , se perated by comma s ,  as i n  A ( 2 , 3 , 1 ) which indi cates th at  
f i rst  A ( 2 )  is t o  b e  used , then A ( 3 ) , and las t ly , A( 1 ) .  

A n  examp l e  of specify i ng elements by list for a two dime nsional array 
i s : B ( 2 , 4 , 5 ; 7 , 5 )  wh ich is the same as : 

B ( 2 ; 7 ) 
B ( 4 ; 7 ) 
B ( 5 ; 7 ) 
B ( 2 ; 5 )  
B ( 4 ; 5 ) 
B ( 5 ; 5 )  

1 9 . 2 . 1 . 5 .  Spe cifying by Range 

Specify ing elements by l ist is qui te a time saver when the elements 
are t o  be ' used i n  an unusual order.  Whe n y ou wi sh to use sever al 
el ements of an array in  a row , it is  e asier  to specify them by range . 
Thi s me ans that y ou s pecify the starti ng  and e nding subscript s ,  and 
al l of the el ements i n  b e tween are used : 

C ( 3 : 6 )  me an s C ( 3 ) , C ( 4 ) ,  C ( 5 ) , and C ( 6 ) 

The gene r a l iz ed form of e x p r es sing a range is FROM : TO where FROM i s  
the first subscript to  be used , and TH RU i s  the last subscri pt t o  be 

used . The range may be s pecified in reverse : 

C ( 6 : 3 ) me ans C ( 6 ) , C ( 5 ) , C ( 4 ) , and then C ( 3 )  
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You may al so specify the increment . Normal ly ,  the val ue 1 is used . If 
you s pe cify the BY i ncrement in the form FROM : THRU \BY then the value 
of BY is ad ded to the val ue of FROM to get the 2nd and fol lowi ng  
v al ues . As  an example ,  

C ( 1 : 9\2 ) means C ( n , C ( 3 ) , C ( 5 ) , C ( 7 ) , and C ( 9 )  

1 9 . 2 . 1 . 6 . Specifying by Coun t  

You may al so s pecify a group of elements by coun t ,  that is by using 
the form FROMICOU NT or FROHICOU NT\BY . This me an s  t o  use COU NT 
different el eme nt s , starting wi th element FROM, and incrementing by BY 
( or by 1 if BY is not specified ) . 

C ( 5 1 3 )  me ans C ( 5 ) , C ( 6 ) , and C ( 7 ) 

C ( 51 3\2 ) me ans C ( 5 ) , C ( 7 ) , and C ( 9 ) 

1 9 . 2 . 1 . 7 . Specifying All 

If al l possibl e val ues of a subscri pt are to be used , th is i s  
i nd i ca ted b y  the ch aract er • •  I f  an enti re array i s  t o  be used , simply 
use the array name wi thout any subscri pt s : 

I f  array B has 3 rows and 4 columns ,  then B ( 2 ; - )  means 
B ( 2 ; 1 ) , B( 2 ; 2 ) , and B ( 2 ; 3 ) . 

B wi thou t subscri pt s  means B ( l ; l ) , B( 2 ; 1 ) ,  B( 3 ; 1 ) , B( 4 ; 1 ) , 
B( 1 ; 2 ) , B( 2 ; 2 ) , B( 3 ; 2 ) , B( 4 ; 2 ) , 
B( 1 ; 3 ) , B( 2 ; 3 ) , B( 3 ; 3 ) , B( 4 ; 3 ) .  

1 9 . 2 . 1 . 8 .  Mixed s pe cifications 

SPL al so  al lows y ou to mix these forms , by al lowi ng s pecificati o n  by 
range or count as an element in  s pecifying by a l ist . An example  wou l d  
be : 

C ( 3 : 5 , 1 , 7 14 , 6 )  wh ich s pe cifies : 

C ( 3 ) , C ( 4 ) ,  C ( 5 )  then 
C ( l ) fol lowed by 
C ( 7 ) , C ( 8 ) , C ( 9 ) , and C ( 1 0 ) 
e nding wi th C ( 6) .  

SPL al low s  so many forms o f  array speci fi ca tio n be cause many progr am  
errors a re made wri ti ng "l oop s "  to  expr es s  these d i f fe r ent grou pings 
of d a ta .  Al so ,  by i nclud i ng  these forms o f  grou p i ng i n  the compil e r , 
the gener a ted code can be opt i mized , reducing the  ove r he ad normal ly 
associa ted wi th random sub scri pt i ng .  
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1 9 . 2 . 2 .  Aut omatic S ta tement Looping 

There are two way s th at mul tiple element s of an array may be use d . 
First , each time a sta tement is executed , then one element in  the 
array list is  used . This is the normal form. As an example , 

Put A ( 1 , 4 , 3 )  

Wil l pri nt out A ( 1 ) the first time the statement is executed , 1 ( 4 ) , 
the 2nd t i me , and A ( 3 )  the 3rd time the statement is execut ed .  

You may al so specify an "au t oma tic l oop · which wil l print out al l 3 
val ues e ach time the sta tement is execut ed , by using bracke ts inst ead 
of parenthesi s :  

Put A [ 1 , 4 , 3 ]  wil l  print A ( 1 ) , A ( 4 ) , and A ( 3 )  each time .  

You can eve n  m ix  the two formats : 

A [ 313\2 ] =B ( 3 , 4 ) +C [ 2 : 4 ]  

which me ans that A ( 3 ) =B( 3 ) +C ( 2 ) , 
A ( 5 ) =B( 3 ) +C ( 3 ) , and 
A ( 7 ) =B( 3 ) +C ( 4 )  

the f irst time the sta tement i s  executed , but the se co nd time the 
statement i s  exe cuted ,  the meaning i s : 

A ( 3 ) =B( 4 ) +C ( 2 ) , 
A ( 5 ) =B( 4 ) +C ( 3 ) , and 
A ( 7 ) =B( 4 ) +C ( 4 )  

Any sta tement th at has o ne  or more subscript references th at use 
bracke ts is co nsidered to use automatic looping . An aut omatic l oop 
co ntinues un t i l  some subscri pt reference fini shes . If there . are other 
l oop s ,  they wi l l co ntinue on the next  execution of a statement . For 
exampl e : 

A [ 3 : 4 ] =B [ 51 4 ] 

wil l  pe rform A ( 3 ) =B( 5 )  and A ( 4 ) =B( 6 )  on the first execut ion,  
wh ich e nd s  the sta tement becau se [ 3 : 4 ]  completes its  l i st . 

The next t i me the statement is execut ed , it wil l perform 
A ( 3 ) =B( 7 )  and A ( 4 ) =B( 8 ) .  
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1 9 . 2 . 3 .  LISTs and Automa ti c  Looping 

Aut oma tic l o op i ng takes on a slightly different meaning when used in a 
LIST stru c tur e ,  su ch as an Input / Out put sta tement . Each l oop i s  
compl e ted befor e goi ng o n  to the nex t  entry i n  a l i s t . Any forma t  
spe C i f i cati o n  a p pl ied t o  the " l oop specification" i s  a p pl i ed t o  every 
entry in the l oop . As an ex am pl e :  

Put A [ 3 : 6 ] , B , A [ 7 , 2 ] \3 

means to put ou t A ( 3 ) , A ( 4 ) , A ( 5 ) , A ( 6 ) , and B us i ng as much s pace as 
ne eded , bu t th e n  t o  put out A ( 7 ) and A ( 2 )  usi ng o nly 3 d igi t pl aces 
e ach . 

1 9 . 2 . 4 . Decl ari ng an Arr ay 

To crea te and use an array i n SPL , it mus t be decl ared i n  a ty pe 
s t a tement , su ch as REAL ,  INTEGER , STR ING , et c .  You must l i st the array 
name and the l argest val ue of e ach subscri pt . For exampl e , 

REAL A ( 5 )  , B C 3; J O , e  

spec i f i e s th at A i s a n  array h av i ng  5 e l ements , B i s  a two d i me nsional 
array h av i ng  3 col umns and 4 rows ,  and that e i s  al so a real variabl e .  

Normal ly , each array sub s c r i pt begi ns wi th 1 and ends wi th the v al ue 
s pe c ified . I t  i s  pO Ssibl e to spec ify o th er s t arti ng  d ime nsio n s ,  by 
using range nota t i o n :  

INTEGER A ( 0 : 4 )  

spe c i f i e s  an ar ray h av i ng  5 el ements , numbered 0 , 1 , 2 , 3 ,  and 4 .  Not e  
th a t  i ncrements are not al lowed when specify ing a n  array dime ns i o n  i n  
a ty pe s t a tement . Howeve r ,  cou n t  nota tion i s  al lowed :  

STRING S( 31 4 )  

spe c i f i e s  a n  array of four e l ements , numbered 3 , 4 , 5 .  an d  6 .  
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